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Abstract 
The biting midge genus Culicoides contains approximately 1300 species worldwide. Many 
species are of economic importance either as biting pests of humans or domesticated animals or 
as vectors of pathogens for these hosts. The Australasian fauna contains a high proportion of 
undescribed species, most of which have not been formally placed into subgenera. Furthermore, 
many of the described species have not been revised since their original description and for these 
species data is lacking for several characters routinely used in modern descriptions, particularly 
the details of antennal sensilla. Additionally, several species are known only from a single sex. 
No tools are available to assist workers in recognising species of Australasian Culicoides. No 
Australasian specimens have undergone genetic analyses either to support specific status, 
monophyly of groupings or investigations into phylogeography. 
Using a modern suite of characters, morphological analyses of the known fauna of 
Australasia, including undescribed species, was used to complete a preliminary subgeneric 
classification of the Australasian Culicoides fauna. Wing photographs of all recognised species 
were compiled into a wing picture atlas which also provides a checklist of species and their 
subgeneric placement accompanied by a table of numerical values of described species. 
From the subgeneric classification proposed in the wing picture atlas, seven subgeneric 
groupings viz the Marksi, Bancrofti, Immaculatus, Molestus, Coronalis, Kusaiensis and Imicola 
groups, were fully revised including a group diagnosis, descriptions of new species, 
redescriptions of adult males and females and, where necessary, pupae. Species descriptions and 
group monophyly were supported where possible by COI and CAD molecular data. 
Included in these revisions are redescriptions of 17 existing species namely Culicoides 
marksi, C. dycei, C. parvimaculatus, C. pseudostigmaticus, C. immaculatus, C. agas, C. 
kusaiensis, C. paragarciai, C. leei, C. bancrofti, C. hornsbyensis, C. coronalis, C. molestus, C. 
subimmaculatus, C. submagnesianus, C. brevitarsis and C. nudipalpis, including a first 
description of the male of five species, C. bancrofti, C. immaculatus, C. molestus, C. 
submagnesianus and C. coronalis. Additionally, 12 new species are described being C. zentae, 
C. kayi, C. shivasi, C. collesi, C. nigritrans, C. balhorni, C. mabelae, C. mindjirri, C. roperi, C. 
septimus, C. reyei and C. asiatica. COI and/or CAD data are provided to support the specific 
status of the following 15 species C. immaculatus, C. shivasi, C. coronalis, C. nigritrans, C. 
iii 
 
molestus, C. reyei, C. balhorni, C. mindjirri, C. mabelae, C. brevitarsis, C. asiaticus, C. 
nudipalpis, C. kusaiensis, C. leei and C. paragarciai. 
Morphological analysis of the Marksi group found it to be sufficiently different from 
existing subgenera to warrant erection as a formal subgenus, C. subg. Marksomyia. Analysis of 
the remaining groupings found that although they appear to be unique, there is insufficient clarity 
around the limits of existing subgenera to justify the erection of these groupings as new 
subgenera. This problem is confounded by the lack of any formal phylogenetic study of the 
genus to test the monophyly of existing subgenera or the phylogenetic significance of many of 
the characters used to define subgenera. A combination of COI, CAD and morphological data 
was, however, useful in supporting the monophyly of the Imicola complex of C. subg. Avaritia 
and this model could also be useful in testing the monophyly of other groupings. Confirmation of 
the monophyly of the Imicola complex allowed interpretation of two synapomorphies for this 
complex, one in the male genitalia and one in the distribution of antennal sensilla of the male. 
Molecular data was used to associate adult male and female specimens of several species 
and revealed that specimens morphologically consistent with the male of C. ardentissimus were 
conspecific with females referable to C. paragarciai. This association required the movement of 
C. paragarciai from the Ornatus group to the Kusaiensis group and the removal of C. 
ardentissimus from the Kusaiensis group. 
Varying degrees of feminisation of the male antenna were observed across species which 
may be related to mating and swarming behaviour. A correlation was observed between 
feminisation of the male antenna and the shape of the male wing although the significance of this 
association is unclear. The structure of the spermathecal ducts was investigated and the 
differences observed may prove useful in future phylogenetic analyses. 
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 1.0	  Introduction 
The biting midges belong to the family Ceratopogonidae (Diptera: Culicomorpha: 
Chironomoidea) which is believed to have evolved more than 140 million years ago (Borkent 
2000). This family is recognisable by the following combination of characters (Borkent 
2004): ocelli are absent, the postnotum lacks a medial longitudinal groove, the wing has 1-3 
radial and two median vein branches reaching the wing margin, the front legs are shorter than 
the hind legs and the first tarsomere of each leg is equal to or longer than the second 
tarsomere. The Ceratopogonidae are sister to the non-biting midges (Chironomidae) and, 
together with the black flies (Simuliidae), the three families comprise the superfamily 
Chironomoidea.  
Ceratopogonids occupy a wide variety of habitats and while the most notorious members 
of the family are known for attacking humans and livestock, others are important pollinators 
of cocao and rubber. The majority of species however, feed on other insects and it is possible 
that some of these may transmit pathogens to these hosts and exert a level of control over 
populations of these species. The Ceratopogonidae currently contains more than 6000 
described species (Borkent 2012) although the lack of records from many regions led Borkent 
& Grogan (2009) to state that there are many more species awaiting discovery. Currently, 
five subfamilies are recognised (Borkent 2004) of which the Ceratopogoninae is by far the 
most diverse, with 98 of the 103 described genera (Fig. 1.1).  
Using a range of mouthpart characters that, amongst extant species are exclusive to 
females that feed on vertebrate hosts, Borkent (2000) concluded that the majority of known 
fossil species fed on vertebrates and that vertebrate-feeding was pleisiomorphic for the 
Ceratopogonidae although this assertion has not been tested. Within extant species however, 
feeding on vertebrate blood is now found only in four genera (Borkent 2004). Of the four 
genera which contain vertebrate-feeding species, Austroconops Wirth & Lee 1958, 
Leptoconops Skuse 1889, Forcipomyia Meigen 1818 and Culicoides Latreille 1809, the latter 
are the most economically important and well studied of the family due to their medical and 
veterinary significance (Mellor et al. 2000). The genus Culicoides is represented on all 
continents except Antarctica. Within Australasia, they are absent only from the countries of 
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New Zealand and Hawaii. They are small, brown or grey files with most species exhibiting 
patterned wings.  
The genus Culicoides belongs to the ceratopogonine tribe Culicoidini, along with only 
two other genera; Paradasyhelea Macfie 1940	  and Washingtonhelea Wirth & Grogan 1988. 
Culicoides is the most species rich genus in the family with 1366 described species (Borkent 
2012). 
 
Figure 1.1. Phylogeny of the Ceratopogonidae (modified from Borkent 2004)  
 1.1	  Biology	  of	  Culicoides	  
The blood-feeding and disease transmission habits of many species of Culicoides have 
inspired a considerable amount of research into their biology, with particular emphasis on 
those factors that affect their vector capacity, measures to protect valuable stock and people 
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from attack and control methods. The factors receiving most attention are feeding biology, 
especially host range and feeding behaviour, survival, vector competence, breeding sites and 
mating strategies. Studies of the biology of species not associated with livestock or humans 
are few and consequently little or nothing is known of the biology of most species of 
Culicoides.	  
 1.1.1 Feeding and hosts 
As far as is known, it is only the adult females of Culicoides that feed on vertebrate 
blood. There are, however, three species whose females are thought to not feed on 
vertebrates. These three species, C. anophelis Edwards 1922, C. baisasi Wirth & Hubert 1959 
and C. culiciphagus Wirth & Hubert 1959, all belong to C. subg. Trithecoides Wirth & 
Hubert 1959 and have been reported as feeding on other midges or engorged mosquitoes. 
They were initially thought to be feeding on the vertebrate blood in the engorged insect 
(Edwards 1922; Buckley 1938, Laird 1946, Wirth & Hubert 1959), but this contention was 
challenged by Wirth & Hubert (1959) who reported specimens of C. anophelis labeled as 
feeding on cattle or humans. Additionally, both Sen & Das Gupta (1959a) and Das Gupta 
(1964) provided evidence that C. anophelis feeds on the insect host’s haemolymph rather 
than the vertebrate blood in the host's gut. Wirth & Hubert (1959) subdivided C. subgen. 
Trithecoides into three species complexes, based partly on mandible dentition. The three 
mosquito-feedering species, C. anophelis, C. baisasi and C. culiciphagus, were placed into 
their own species complex, thus separating them from the remainder of C. subgen. 
Trithecoides, at least 10 species of which are known to feed on vertebrates (Wirth & Hubert 
1959). Campbell & Pelham-Clinton (1960) suggested that the poorly developed mandibular 
teeth of C. machardyi Campbell & Pelham-Clinton 1960, C. truncorum Edwards 1939 and C. 
albicans (Winnertz 1852) indicated that these species had lost the ability to feed on 
vertebrates although the host range of these species has not been determined so their ability to 
feed on vertebrates remains unknown. Borkent’s (1996a) observation that vertebrate parasitic 
species all possess well developed mandibular teeth would appear to support Campbell & 
Pelham-Clinton’s (1960) conclusions.	  
 1.1.1.1	  Host	  preferences	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Much of what is known of the hosts of species of Culicoides has been learned from 
studies into the transmission of disease in domestic animals or the nuisance value of human 
biting pests. Consequently, in many parts of the world, the hosts of those species that do not 
feed on domestic livestock or people are largely unknown. This is particularly true of the 
Australasian fauna, almost half of which has not even been described (Dyce 2001), let alone 
studied in any detail.  
Jamnback (1965) correlated the number of antennal flagellomeres bearing sensory pits (= 
sensilla coeloconica, SCo, sensu Wirth & Navai 1978) on the female antenna with host 
preference. Examining a range of unrelated Nearctic species, he found that the antennae of 
species known to feed on large mammals had sensilla on 4-6 flagellomeres whereas those 
known to feed on birds had SCo on 8-13 flagellomeres. He suggested that species feeding on 
large mammals would not require as many sensilla to find their host as those feeding on much 
smaller hosts such as birds. Rowley & Cornford (1972) found a similar correlation between 
host preferences and the number of sensilla on the palpus of four unrelated Nearctic species. 
They also observed much lower numbers of palpal sensilla on males compared to females and 
suggested that this supported Jamnback’s (1965) correlation between number of sensilla and 
the requirement to detect host odours as males of the species studied are not attracted to 
hosts. Braverman & Hulley (1979) confirmed both of these observations in a series of 
unrelated African species whose host preferences were known and, using data on antennal 
and palpal sensilla, were able to suggest the host ranges of a number of species for which 
direct evidence is lacking. Braverman et al. (1981) found evidence in some, but not all, 
Israeli species which supported the correlation of host preferences and the numbers of 
antennal SCo and in the ratio of 3rd and 4th palpal segment but could find no such relationship 
between host preference and the numbers of sensilla in palpal pits, numbers of mandibular 
and maxillary teeth, proboscis length or claw morphology. Meiswinkel & Linton (2003) 
suggested that the enlarged 3rd palpal segment of C. tuttifrutti Meiswinkel et al. 2003 and C. 
pseudopallidipennis Clastrier 1958 indicated ornithophilic tendencies although evidence to 
support this is lacking and the number of SCo of these two species is, according to the 
proposal of Jamnback (1965) and Braverman & Hulley (1979), consistent with mammalian 
feeding habits. It would appear that while the number of antennal sensilla coeloconica does 
provide some indication of host preference it is not entirely reliable and the propensity for 
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some species to feed on both birds and mammals (Table 1.1) indicates that an absolute 
correlation between antennal morphology and host preference is unlikely to exist.While some 
species of Culicoides have been reported feeding on mudskippers (C. garciai Wirth & Hubert 
1989, Wirth & Hubert 1989) and turtles (C. phlebotomus Williston 1896, Borkent 1995b), no 
studies have reported species that specialise on reptiles, amphibians or fish. Lewis (1975) 
reported on the variability in mouthpart morphology of phlebotomine sandflies and suggested 
that it was indicative of their host preferences. His classification of mouthpart morphology 
was, in many cases, in parallel with recognized systematics of the subfamily and may have 
been due to shared derived characteristics rather than being solely dependant on host 
preference. As discussed above, Braverman et al. (1981) could not find any correlations in 
the mouthpart morphology of the 39 species of Culicoides present in Israel suggesting there is 
no relationship between mouthpart morphology and broad host preferences within this genus. 
Comparisons of morphology and host preference for Australasian species are lacking and, 
although host data are available for many species (Table 1.1), these studies have tended to 
concentrate on species collected in association with domesticated livestock or humans. For 
those species whose host range is known, there appear to be some species with a very limited 
host range, for example, C. brevitarsis Kieffer 1917 that is largely restricted to ruminants and 
horses (Muller et al. 1981), and others with a broader range, e.g., C. subimmaculatus Lee & 
Reye 1953 and C. ornatus Taylor 1913, which feed on a wide range of birds and mammals 
(Table 1.1). 
Table 1.1 Host records of Australasian species of Culicoides 
Species Host/s Reference/s 
C. actoni Smith 1929 cattle, buffalo, 
marsupials, dog, 
human, avian 
Muller et al. (1981), Kay et al. 
(1978) 
C. anophelis blood fed mosquitoes, 
Culicoides spp. 
Buckley (1938), Laird (1945), 
Wirth & Hubert (1959), Sen & 
Das Gupta (1959a), Das Gupta 
(1964) 
C. antennalis Lee & Reye 1953 human, sheep Lee et al. (1962), Murray (1970) 
C. arakawai (Arakawa) 1910 chickens Kitaoka & Cheah (1983) 
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C. austropalpalis Lee & Reye 
1955 
avian, flying fox, 
horse, bovid, 
marsupial 
Lee et al. (1962), Muller et al. 
(1981), Kay et al. (1978) 
C. bancrofti Lee & Reye 1953 human Lee et al. (1962) 
C. baisasi blood fed mosquitoes Wirth & Hubert (1959) 
C. barnetti Wirth & Hubert 
1959 
human, deer Wirth & Hubert (1959) 
C. belkini Wirth & Arnaud 
1969 
human Wirth & Arnaud 1969 
C. brevipalpis Delfinado 1961 cattle, buffalo, horse Muller et al. (1981) 
C. brevitarsis  sheep, cattle, 
marsupial, buffalo, 
human, horse 
Lee et al. (1962), Kay (1973), 
Muller & Murray (1977), Muller 
et al. (1981), Kay & Lennon 
(1982) 
C. bundyensis Lee & Reye 
1955 
sheep, cattle, 
marsupial, buffalo, 
human 
Kay (1973), Muller & Murray 
(1977), Muller et al. (1981), Kay 
& Lennon (1982) 
C. bunrooensis Lee & Reye 
1955 
sheep, marsupial  Muller & Murray (1977) 
C. calcaratus (as C. (Haem.) 
sp.) Wirth & Hubert 1989 
cattle, buffalo Muller et al. (1981) 
C. cordiger Macfie 1934a avian, human Lee et al. (1962) 
C. coronalis Lee & Reye 1955 human Reye (1992) 
C. culiciphagus blood fed mosquitoes Wirth & Hubert (1959) 
C. dycei Lee & Reye 1953 human, cattle, sheep, 
marsupial, rabbit 
Lee et al. (1962), Muller & 
Murray (1977), Kay et al. (1978) 
C. flavescens Macfie 1937a cattle, human Wirth & Hubert (1959) 
C. flumineus Macfie 1937a human Shivas (1999) 
C. fulbrighti Lee & Reye 1963 human Kay & Lennon (1982) 
C. fulvus Sen & Das Gupta 
1959b 
cattle Muller et al. (1981) 
C. gewertzi Causey 1938 human Wirth & Hubert (1959) 
C. guttifer (de Meijere) 1907 chickens Kitaoka & Cheah (1983) 
C. henryi Lee & Reye 1963 human Kay & Lennon (1982) 
C. histrio Johannsen 1946 avian Lee et al. (1962), Muller et al. 
(1981) 
C. immaculatus Lee & Reye 
1953 
human Reye (1992) 
C. sp nr immaculatus human Shivas (1999) 
C. longior Hagen & Reye 1986 human  Hagen & Reye (1986) 
C. marksi Lee & Reye 1953 cattle, buffalo, 
marsupials, sheep, 
horse, dog, human, 
Kay (1973), Lee et al. (1962), 
Muller & Murray (1977), 
Beveridge et al. (1981), Muller et 
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avian al. (1981) 
C. marmoratus (Skuse) 1889 sheep, human, horse, 
wallaby 
Kay (1973), Lee et al. (1962), 
Muller & Murray (1977) 
C. melanesiae Macfie 1939 human Kay et al. (1978) 
C. “McMaster sp121” marsupial Muller & Murray (1977) 
C. mcmillani Lee & Reye 1953 human Lee et al. (1962) 
C. molestus (Skuse) 1889 sheep, human, flying 
fox, avian, horse, 
rabbit 
Reik (1954), Lee et al. (1962), 
Reye & Lee (1961), Ferguson & 
Cawthorne (1980) 
C. moreensis Lee & Reye 1955 sheep, human Lee et al. (1962), Muller & 
Murray (1977) 
C. multimaculatus Taylor 1918 human Lee et al. (1962) 
C. mykytowyczi Lee & Reye 
1963 
human Lee et al. (1962) 
C. nattaiensis Lee & Reye 
1955 
sheep, cattle, human Lee et al. (1962), Muller & 
Murray (1977) 
C. sp. nr nattaiensis bovid Kay et al. (1978) 
C. nudipalpis Delfinado 1961 mammal Bellis et al. (2005) 
C. orientalis Macfie 1932 mammal Bellis et al. (2005) 
C. ornatus  human, flying fox, 
avian, horse 
Reye & Lee (1961), Lee et al. 
(1962) 
C. oxystoma Kieffer 1910 cattle, buffalo, horse, 
pig 
Muller et al. (1981) 
C. pallidothorax Lee & Reye 
1963 
buffalo, marsupial Muller et al. (1981) 
C. parvimaculatus Lee & Reye 
1953 
human, dog Lee et al. (1962) 
C. peliliouensis Tokunaga, in 
Tokunaga & Esaki, 1936: 
human Tokunaga & Murachi (1959) 
C. peregrinus Kieffer 1910 cattle, buffalo, horse, 
human, marsupial 
Muller et al. (1981) 
C. smeei Tokunaga 1960 avian, bovid, 
marsupial 
Kay et al. (1978) 
C. sp. nr flumineus human Reye (1992) 
C. sp. nr marmoratus cattle, buffalo, horse, 
marsupial, avian 
Muller et al. (1981), Kay et al. 
(1978) 
C. sp. nr subimmaculatus human Reye (1992) 
C. subimmaculatus  sheep, human, flying 
fox, avian, horse, 
cattle, rabbit 
Lee et al. (1962), Reye & Lee 
(1961), Kay (1973) 
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C. victoriae Macfie 1941 rabbit, marsupial, 
cattle, human, flying 
fox, horse, dog, 
wallaby 
Lee et al. (1962), Kay (1973), 
Muller & Murray (1977), Lee et 
al. (1963), Kay & Lennon (1982) 
C. wadai Kitaoka 1981 cattle, buffalo Muller et al. (1980) 
 1.1.1.2	  Feeding	  behaviour 
Females of Culicoides tend to be crepuscular or nocturnal, although diurnally active 
species have been reported (Bellis et al. 2004). A number of Culicoides species have been 
shown to be exophilic and appear reluctant to enter buildings to feed. Research into this 
behaviour has concentrated on the protection of viraemic or valuable stock from exposure to 
vectors so extrapolation to non-vector species is difficult, especially as this phenomenon 
varies among those species which have been studied (Cheah & Rajamanickam 1991; Buckley 
1938; Standfast & Dyce 1972; Doherty et al. 2004; Melville et al. 2005a, 2005b; Hoshino 
1985; Barnard 1997; Meiswinkel et al. 2000). These results are further complicated by the 
use of light traps in several of these studies which, as Carpenter et al. (2008a) point out, 
might attract otherwise exophilic species into buildings. Furthermore, there is evidence that 
some species react differently to hosts under roofs than they do to light traps under roofs 
(Melville et al. 2005b). 
 1.1.2 Life cycle 
Biting midges have a typical nematoceran life cycle of an egg, four larval instars, pupal 
and adult life stages (Fig. 1.2). Eggs of Culicoides are cylindrical, approximately 400 µm 
long and 50 µm wide (Linley 1976), and are generally laid directly onto the breeding 
substrate. Eggs normally hatch within six days of laying (Megahed 1956; Becker 1961) 
although a diapause has been reported for some species (Jobling 1953; Parker 1950; 
Glukhova 1979). 
Larvae are vermiform with well-developed head capsules and three thoracic plus nine 
abdominal segments (Fig. 1.6). Their bodies have a range of fine setae but otherwise lack 
appendages. Larval development is strongly influenced by nutrition and temperature (Linley 
1976) with some tropical species completing their entire life cycle within 24 days (Campbell 
& Kettle 1976) whereas some Arctic species take almost two years (Downes 1962).  
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In contrast to larvae, pupae have a range of taxonomically useful morphological 
characters, including the shape and spinal arrangement of the operculum (Fig. 1.7e), 
respiratory horn (Fig. 1.7f) and features of the abdomen (Fig. 1.7b). Kettle & Elson (1976, 
1978 and 1980) and Elson & Murray (1992) used these characters to describe and produce 
identification keys to a range of Australian species. 
 
Figure 1.2. Summary of the life cycle of Culicoides. (Purse et al. 1985). 
 1.1.2.1	  Larval	  habitat	  
Larvae of Culicoides require a breeding medium with high moisture content and a supply 
of organic matter. They can be found in a wide variety of substrates. Many species can live in 
free water (Debanham 1989) whereas others, such as those belonging to C. subg. Avaritia, 
appear unable to swim and require a solid or semi-solid medium to survive (Canon & Reye 
1966; Glukhova 1979, Nevill 1967). 
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Meiswinkel et al. (2004) divided the larval habitats of African Culicoides species into 
four basic groups, and these groupings appear to be also applicable to the Australasian fauna 
(Table 1.2). 
1. Ground water/soil interface. About ½ of the Australasian fauna utilise this habitat 
(Table 1.2). The water may be flowing, stagnant, fresh, brackish, salt, clean or 
polluted, and in natural settings or modified e.g., man-made (bore drains and dams) or 
animal-made (e.g., buffalo wallows). The substrate ranges from sand to fine silt and 
mud. 
2. Animal dung. Kettle & Lawson (1952) were the first to associate a species of 
Culicoides with animal dung when they reared C. chiopterus (Meigen) 1830 and C. 
dewulfi Goetghebuer 1936 (as C. pseudochiopterus Downes & Kettle 1952) from the 
dung of cattle. The dung of large animals, especially ruminants, has since been shown 
to be used by twelve species of Culicoides, all of which belong to C. subgen. Avaritia 
(Dyce & Marshall 1989; Dyce 1982; Meiswinkel 1987; 1989; 1992; Nevill 1968). 
Some species, for example C. brevitarsis (Campbell & Kettle 1976; Dyce 1982; 
Bishop & McKenzie 1994), C. brevipalpis and C. wadai (Dyce 1982); C. kanagai 
Khamala & Kettle 1971 (Meiswinkel 1987) and C. bolitinos Meiswinkel 1989 
(Meiswinkel 1989) appear to be obligate dung breeders unable to use any other 
medium. Only three Australasian species are known to use animal dung as a breeding 
medium but all of these are associated with the dung of introduced ruminants and are 
consequently regarded as relatively recent arrivals in Australasia (Dyce 1982).  
3. Plant and rock cavities. The cavities used by species of Culicoides range from holes 
formed at the junction of tree branches (tree holes) to small pockets of water found at 
the base of leaves on plants such as Pandanus. Tree holes can contain up to two to 
three litres of water, are invariably contaminated with rotting leaves, and can harbour 
a wide range of invertebrates, including predatory species (Watson & Dyce 1978).  
4. Rotting fruit, plants and fungal fruiting bodies. Relatively few species have been 
associated with rotting plant material and Meiswinkel et al. (2004) indicated that this 
type of habitat was largely unexplored in Africa. Species using this breeding habitat 
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are predominantly from C. subgen. Avaritia although representatives of at least two 
other subgenera have also been reared from rotting plant matter (Wirth & Hubert 
1989). 
Table 1.2. Breeding habitat of Australasian species of Culicoides 
Breeding 
habitat 
Species Subgenus/species 
group 
Reference 
C. arakawai Meijerehelea Tokunaga et al. (1961) 
C. bunrooensis Clavipalpis gp. Dyce & Murray (1966) 
C. cancrisocius 
Macfie 1946 
Clavipalpis gp. Wirth & Arnaud (1969) 
C. calcaratus Haemophoructus Howarth (1985) 
C. peregrinus Hoffmania Edwards (1922), Standfast et al. 
(1985) 
C. dycei Marksi gp. Dyce & Murray (1966) 
C. marksi Marksi gp. Dyce & Murray (1966); Kettle & 
Elson (1976) 
C. parvimaculatus Marksi gp. Lee (1956) cited by Debenham 
(1979) 
C. guttifer Meijerehelea Edwards (1922), Howarth (1985); 
Wirth & Hubert (1989) 
C. histrio Meijerehelea Wirth & Hubert (1989) 
C. molestus Molestus gp. Kettle & Elson (1976); Kettle et al. 
(1979) 
C. sp. nr 
subimmaculatus 
Molestus gp. 
Reye (1992) 
C. subimmaculatus Molestus gp. Lee & Reye (1963) 
2 undescribed 
species 
Ornatus gp. Shivas (1999) 
C. belkini Ornatus gp. Wirth & Arnaud (1969) 
C. cordiger Ornatus gp. Shivas (1999) 
C. flumineus Ornatus gp. Shivas (1999) 
C. longior Ornatus gp. Hagen & Reye (1986) 
C. marmoratus Ornatus gp. Lee & Reye (1963); Kettle & Elson 
(1976); Kay (1973) 
C. papuensis 
Tokunaga 1962 
Ornatus gp. Shivas (1999) 
Water/soil 
interface 
C. oxystoma Remmia Wirth & Hubert (1989), Standfast et 
al. (1985) 
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C. geminus Macfie 
1937b 
Shermani gp. Howarth (1985) 
C. flavescens Trithecoides Howarth (1985) 
C. bundyensis Victoriae gp. Debenham (1979) 
C. henryi Victoriae gp. Hagen & Kettle (1990) 
C. austropalpalis Williwilli gp. Lee & Reye (1953); Lee (1956); 
Kettle & Elson (1976) 
C. narrabeenensis 
Lee & Reye 1963 
Williwilli gp. Lee & Reye (1963); Kettle & Elson 
(1976) 
 
C. williwilli Williwilli gp. Lee (1956) 
Animal 
dung 
C. brevitarsis Avaritia Canon & Reye (1966); Dyce (1982) 
 C. brevipalpis Avaritia Dyce (1982) 
 C. wadai Avaritia Dyce (1982) 
 C. orientalis* Avaritia Buckley (1938) 
C. gladysae Kettle 
et al. 1976 
Antennalis gp. Kettle et al. (1976) 
C. marginalis Lee & 
Reye 1963 
Clavipalpis Gp. Lee & Reye (1963) 
C. clavipalpis 
Mukerji 1931 
Clavipalpis Gp. Wirth & Hubert (1989) 
C. parviscriptus 
Tokunaga 1959 
Clavipalpis Gp. Wirth & Hubert (1989) 
C. purus Lee & 
Reye 1963 
Purus Gp. Kettle & Elson (1980) 
C. mackerassi Lee 
& Reye 1963 
Shermani gp. Dyce & Murray (1966) 
C. interrogatus Lee 
& Reye 1963 
Shermani gp. Kettle & Elson (1975a) 
Plant 
and/or 
rock 
cavities 
C. rabauli Macfie 
1939 (=angularis 
Lee & Reye 1953) 
Shermani gp. Lee & Reye (1953); Dyce & Murray 
(1966); Kettle & Elson (1976) 
C. dumdumi Sen & 
Das Gupta 1959b 
Avaritia Wirth & Hubert (1989) 
C. jacobsoni Macfie 
1934b 
Avaritia Wirth & Hubert (1989) 
C. loughnani 
Edwards 1922 
Drymodesmyia Dyce (1969) 
C. sumatrae Macfie 
1934a 
Hoffmania Macfie (1934a); Howarth (1985); 
Wirth & Hubert (1989) 
Rotting 
plant 
material 
C. barnetti Trithecoides Wirth & Hubert (1989) 
* Record dubious (Dyce 1982) 
18	  
	  
1.1.2.2	  Pupal	  behaviour	  
 1.1.3 Mating 
Akin to most other Culicomorpha and a wide variety of other Diptera, the adult males of 
most species of Culicoides aggregate in swarms. The major purpose of swarming appears to 
be to subserve mating (Blickle 1959; Downes 1958), although this has been debated 
(Cambournac & Hill 1940; Neilsen & Greve 1950; Haddow & Corbet 1961). 
Swarms of Culicoides are generally formed over visual markers such as contrasting dark 
and pale areas on the ground. In most species swarms begin to form just before dusk and 
always contain many more males than females (Downes 1955, Campbell & Kettle 1979). 
Downes (1958) suggested that both males and females were attracted to swarm markers and 
that swarming is a mechanism used to aggregate adults and facilitate mating. Downes (1968) 
subsequently added that swarming might also stimulate males to produce a spermatophore 
which allows for rapid transfer of spermatids and consequently reduces the time required in 
copulation. 
Males apparently use auditory signals to find females within swarms (Downes 1969). The 
antennae of males of most species of Culicomorpha possess a whorl of mechanoreceptive 
sensory hairs (sensilla chaeticae) on their basal segments (Fig. 1.3) and these appear to be 
receptive to sound waves. Auditory signals are received by these mechanoreceptive hairs and 
registered via the Johnston’s organ on the pedicel of the antenna. The antennae of females, by 
contrast, have far fewer mechanoreceptive hairs (Blackwell et al. 1992) (Fig. 1.4) and do not 
appear to be sensitive to auditory signals (Roth 1948). It is notable that this antennal 
dimorphism is restricted to the Culicomorpha, despite many other groups using swarming as 
a mating strategy. 
Non-swarming mating behaviour has been observed in some species of Culicoides. 
Downes (1958) noted facultative swarming behaviour for C. nubeculosus and C. sonorensis 
Wirth & Jones 1957, a character that makes laboratory colonization of these species possible. 
He also observed C. utahensis Fox 1946 mating on their vertebrate host and an undescribed 
species which mates on the ground. In the latter two species, the modified mating behaviour 
appears to be reflected in the morphology of the male antenna, presumably because males 
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that do not form swarms have no need for the sensitive auditory apparatus required to find a 
female within a swarm. Wirth & Hubert (1989) and Dyce (1996a) subsequently postulated 
that the lack of an antennal plume on males of C. kusaiensis Tokunaga 1940 and C. agas 
Wirth & Hubert 1989 might also reflect a non-swarming mating strategy. 
 
Figure 1.3. Head of male Culicoides arakawae showing the plume of SCh on 
basal flagellomeres 
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Figure 1.4. Head of female Culicoides brevitarsis showing the absence of a plume 
of SCh on basal flagellomeres 
 1.2	  Economic	  importance.	  
Bloodsucking insects, such as Ceratopogonidae, are inherently important to medical and 
veterinary health due to their nuisance value, their ability to cause allergic reactions and 
transmit pathogens and parasites.  
 1.2.1 Nuisance value 
The volume of blood imbibed by a single midge is in the order of 0.03µl (Muller et al. 
1982) so even attack by large numbers of these insects is unlikely to cause problems due to 
blood loss. Nevertheless, an enormous number of individuals can be collected in light traps 
(Meiswinkel et al. 2004) and these may represent only one percent of the biting population 
(Meiswinkel 1998). 
The nuisance value of midges worldwide is reflected in the number of common names 
assigned to them all over the world. Such is their notoriety that species bear scientific epithets 
such as molestus, damnosus, irritans and diabolicus. 
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In many coastal Australian areas, Culicoides have long been a human pest problem; it is 
probably no coincidence that the first Australian species of Culicoides to be described were 
the human pest species C. molestus and C. marmoratus. Recent increases in population and 
tourism has exacerbated the problem, with the development of areas for human habitation 
adjacent to pestilent Culicoides midge habitat. In some areas, new breeding habitat has been 
created by environmental disturbance, such as the development of canal systems and 
dredging of river mouths (Reye 1992). 
Despite the obvious importance of midge attack on human activity, few studies have 
quantified this impact, especially when compared to similar studies of mosquito impact. 
Hendry (2004) gave some anecdotal evidence of the socio-economic impact of C. 
impunctatus Goetghebuer 1920 in the Scottish Highlands and Linley & Davies (1971) 
described the impact of biting midges on tourism in the Caribbean. In the Hervey Bay region 
of Queensland, it is estimated that C. ornatus has led to gross reduction in residential 
property value in the order of at least A$25 million (Ratnayake et al. 2006). The Australasian 
region, in common with other regions, has only a small proportion (less than 3%) of its fauna 
being regarded as significant human-feeding pests, these being C. belkini and C. peliliouensis 
in the Pacific (Wirth & Arnaud 1969; Tokunaga & Murachi 1959), and C. ornatus, C. 
longior, C. molestus, C. marmoratus and C. subimmaculatus in Australia (Reye 1992). 
 1.2.2 Allergic dermatitis. 
 1.2.2.1	  Medical	  
While the nuisance value of some species of Culicoides is indisputable, there are few 
reports of serious medical consequences following attack. Wirth & Blanton (1959) reported 
secondary infections resulting from midge bites in Panama whereas Wongsathuaythong et al. 
(1977) described skin eruptions on humans bitten by Culicoides in Thailand. Goetghebuer 
(1919) reported a death resulting from Culicoides attack although Edwards et al. (1939) 
believed “it is probable that in such cases the real cause of death is blood poisoning by 
subsequent infection of a scratch”. 
 1.2.2.2	  Veterinary	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Allergic dermatitis caused by reaction to the bites of Culicoides has been reported from a 
number of hosts but the most common and severe responses have been reported from horses 
(Braverman 1988; McCaig 1973; Mellor & McCaig 1974; Reik 1954). Allergic dermatitis in 
animals has been attributed to a number of species of Culicoides in various parts of the world 
(Table 1.3). 
Table 1.3. Reports of allergic dermatitis attributed to attack by species of Culicoides. 
Region Disease Host Species Reference 
Mediterranean Sweet itch horse C. imicola 
Kieffer 1910 
Braverman (1988) 
United 
Kingdom 
Sweet itch horse C. pulicaris McCaig (1973) ; 
Mellor & McCaig 
(1974) 
United 
Kingdom 
Sweet itch sheep C. obsoletus 
group 
Connan & Lloyd 
(1988) 
Canada Sweet itch horse C. obsoletus 
group 
Kleider & Lees 
(1984); Anderson et 
al. (1991 ) 
Australia Queensland 
itch 
horse C. brevitarsis Reik (1954) 
Scotland dermatitis human C. impunctatus  Hendry & Godwin 
(1988) 
Sweden Sweet itch horse Culicoides sp. Broström et al. 
(1987) 
United States equine 
hypersensitivity 
horse Culicoides sp. Greiner et al.  (1988) 
Philippines Dhobie itch horse Culicoides sp. Underwood (1934) 
Japan Kasen disease horse Culicoides sp. Nakamura et al. 
(1956) 
Germany sommerekzem  Culicoides sp. Unkel (1984) 
	  
 1.2.3 Pathogen transmission 
While	  organisms	  from	  a	  diverse	  range	  of	  phlya	  are	  known	  to	  be	  transmitted	  by	  arthropods	  
(Kettle	  1965),	  only	  nematodes,	  protozoa	  and	  viruses	  have	  been	  associated	  with	  species	  of	  Culicoides.	  
The	  bulk	  of	  research	  into	  pathogen	  transmission	  by	  species	  of	  Culicoides	  has	  concentrated	  on	  
23	  
	  
pathogens	  of	  medical	  and	  veterinary	  importance	  and	  the	  existence	  of	  other	  Culicoides-­‐associated	  
pathogens	  infecting	  non-­‐commercial	  animal	  hosts	  is	  likely.	  
There	  appears	  to	  be	  some	  correlation	  between	  the	  host	  ranges	  of	  Australasian	  species	  of	  
Culicoides	  and	  the	  pathogens	  they	  are	  capable	  of	  transmitting.	  Most	  of	  the	  serious	  pathogens	  
associated	  with	  species	  of	  Culicoides	  affect	  ruminants	  and	  Australia,	  lacking	  any	  native	  ruminant	  
fauna,	  does	  not	  have	  any	  native	  species	  of	  Culicoides	  that	  are	  specialist	  ruminant	  feeders.	  In	  general,	  
native	  species	  of	  Culicoides	  do	  not	  transmit	  diseases	  of	  introduced	  mammals	  (Dyce	  1989,	  Doherty	  et	  
al.	  1972;	  St	  George	  et	  al.	  1978;	  Muller	  et	  al.	  1982;	  Cybinski	  &	  Muller	  1990)	  but	  are	  associated	  with	  
viruses	  known	  from	  native	  vertebrates,	  principally	  marsupials	  and	  birds	  (Muller	  et	  al.	  1982;	  
Standfast	  et	  al.	  1984).	  An	  exception	  is	  the	  native	  species	  related	  to	  C.	  bundyensis	  that	  acts	  as	  a	  
vector	  of	  the	  nematode	  Onchocerca	  sweetae	  Spratt	  &	  Moorehouse	  1971	  in	  the	  introduced	  water	  
buffalo	  in	  the	  Northern	  Territory	  (Spratt	  et	  al.	  1978).	  
1.2.3.1	  Nematodes	  
Only	  nematodes	  of	  the	  superfamily	  Filarioidea	  have	  been	  associated	  with	  species	  of	  Culicoides	  
(Table	  1.4).	  Although	  some	  of	  these	  are	  parasitic	  on	  humans	  and	  domestic	  livestock,	  none	  are	  
regarded	  as	  very	  pathogenic.	  
Table 1.4. Nematodes associated with species of Culicoides. 
Species Nematode Host  Reference 
C. bundyensis 
complex, species 'M' 
Onchocerca sweetae Asian water buffalo Spratt et al. (1978) 
C. actoni 
(misidentified by 
Buckley (1938) as C. 
pungens) 
Onchocerca gibsoni (Cleland 
& Johnson 1910) 
cattle Buckley (1938) 
24	  
	  
C. austeni Carter, et al. 
1920 
Dipetalonema perstans 
Manson 1890 
- Hopkins & Nicholas 
(1952) 
C. barbosai Wirth & 
Blanton 1956 
Dipetalonema ozzardi 
Manson 1897	  
- Raccurt & Lowrie 
(1981) 
C. bottimeri Wirth 
1955 (as C. 
multidentatus Atchley 
& Wirth 1975) 
Splendidofilaria 
californiensis (Wehr & 
Herman 1956) 
California quail,  Weinmann et al. 
(1979) 
C. crepuscularis 
Malloch 1915 
Chandlerella quiscali (von 
Listow 1904) 
common grackle  Robinson (1971) 
C. crepuscularis Eufilaria longicaudata 
Hibler 1964 
 
American magpie Hibler (1963) cited 
by Linley (1985) 
C. crepuscularis  Splendidofilaria picacardina 
Hibler 1964 
American magpie Hibler (1963) cited 
by Linley (1985) 
C. fulvithorax (Austen 
1912) 
Onchocerca guttorosa 
Neumann 1910 
cattle Davies et al. (1989) 
C. furens Dipetalonema marmosetae 
(Faust 1935) 
monkeys Lowrie et al.(1978) 
C. furens Poey 1953 Dipetalonema ozzardi - Buckley (1934) 
C. grahamii Dipetalonema perstans human Duke (1956);  
C. grahamii Austen 
1909 
Dipetalonema streptocercum 
Macfie & Corson 1922 
human Chardome & Peel 
(1949) 
C. haematopotus 
Malloch 1915 
Chandlerella quiscali (von 
Listow 1904) 
common grackle  Robinson (1971) 
C. haematopotus Chandleriella striatospicula 
Hibler 1964 
American magpie Hibler (1963) cited 
by Linley (1985) 
C. haematopotus  Eufilaria longicaudata American magpie Hibler (1963) cited 
by Linley (1985) 
C. hollensis (Melander 
& Brues) 1903 
Dipetalonema caudispina 
(Molin) 1858 
monkeys Eberhard & Lowrie 
(1979) 
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C. hollensis Dipetalonema gracile 
(Rudolphi 1809) 
monkeys Eberhard & Lowrie 
(1979) 
C. hollensis Dipetalonema llewellyni 
(Price 1962) 
racoon Yates et al. (1982) 
C. hollensis  Dipetalonema marmosetae monkeys Lowrie et al. (1978) 
C. inornatipennis 
Carter et al. 1920 
Dipetalonema perstans - Duke (1956);  
C. insinuatus Ortiz & 
León 1955 
Dipetalonema ozzardi human Tidwell & Tidwell 
(1982) 
C. krameri Clastrier 
1959 
Onchocerca guttorosa cattle Davies et al. (1989) 
C. marksi Onchocerca gibsoni cattle Beveridge et al. 
(1981) 
C. nubeculosus 
(Meigen) 1830 
Dipetalonema ozzardi human Mellor (1976) 
C. nubeculosus Eufilariella bartlettae Bain 
1980 
common blackbird Bain (1980) 
C. nubeculosus Eufilariella delicata 
Supperer 1958 
common blackbird Bain (1980) 
C. nubeculosus Eufilariella kalifai Millet & 
Bain 1984 
magpie Millet & Bain (1984) 
C. nubeculosus Onchocerca cervicalis horse Mellor (1975) 
C. nubeculosus Onchocerca guttorosa cattle Bain (1979) 
C. nubeculosus  Onchocerca reticulata 
Diesing 1841 
horse Moignoux (1952) 
C. orientalis Onchocerca gibsoni cattle Buckley (1938) 
C. oxystoma Onchocerca gibsoni cattle Buckley (1938) 
C. paraensis (Goeldi 
1905) 
Dipetalonema ozzardi - Romana & 
Wygodzinsky (1950) 
cited by Wirth (1977) 
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C. phlebotomus 
(Williston 1896) 
Dipetalonema ozzardi human Nathan (1981) 
C. pifanoi Ortiz 1951 Dipetalonema ozzardi human Mirsa et al. (1952) 
cited by Linley et 
al.(1983) 
C. pulicaris (Linnaeus 
1758) 
Francisella tularensis 
(McCoy & Chapin 1912) 
- Karpov et al. (1943, 
cited by Meiswinkel 
et al.2004) 
C. reithi Kieffer, 1914 Dipetalonema ozzardi - Mellor (1976) 
C. shortti Smith & 
Swaminath 1932 
Onchocerca gibsoni cattle Buckley (1938) 
C. stilobezzioides 
Foote & Pratt 1954 
Chandlerella chitwoodae 
Anderson 1961 
common crow Bartlett & Anderson 
(1980) 
C. sumatrae (=C. 
amamiensis Tokunaga 
1937) 
Macacanema formosana 
Schad & Anderson 1963 
Taiwan monkey Bergner & Jachowski 
(1968) 
C. travisi Vagas 1949 Chandlerella quiscali common grackle  Robinson (1971) 
C. travisi  Chandlerella chitwoodae common crow Bartlett & Anderson 
(1980) 
C. trifasciellus 
Goetghebuer 1935 
Onchocerca guttorosa cattle Davies et al. (1989) 
C. variipennis Dipetalonema ozzardi - Lowrie et al.(1982) 
C. variipennis 
(Coquillett 1901) 
Onchocerca cervicalis horse Mellor (1975) 
C. victoriae Cercopithifilaria johnstoni 
(Mackerras 1954) 
mammals Spratt, cited by 
Linley (1985) 
C. victoriae Durikainema macropi Spratt 
& Speare 1982 
marsupials Spratt, cited by 
Linley (1985) 
Culicoides. sp. Ornithofilaria fallisensis 
Anderson 1954 
horse Anderson (1956) 
 
 1.2.3.2	  Protozoa	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Thus far, only species belonging to the protozoan order Haemosporidea have been 
associated with Culicoides (Table 1.5). The bulk of these protozoa are parasites of birds. 	  
No reports exist of protozoan pathogens associated with Australasian species of 
Culicoides. Given the wide range of species of Culicoides, protozoa and host associations 
elsewhere in the world, it seems reasonable to assume that similar associations also exist in 
Australasia and the lack of reports is more likely to reflect a paucity of data rather than an 
absence of protozoa associated with Culicoides. 
 
Table 1.5. Protozoa associated with species of Culicoides 
Vector species Type of 
parastite 
Protozoa Reference 
C. adersi Ingram 
& Macfie 1923 
Eucoccidea, 
Haemosporina 
Hepatocystis kochi Garnham et al. (1961) 
C. univitatus 
Vimmer 1932 (as 
C. agathensis 
Callot et al. 1963) 
Eucoccidea, 
Haemosporina 
Leucocytozoon sp. Braverman et al. (1981) 
C. arakawai  Eucoccidea, 
Haemosporina 
Leucocytozoon 
caulleryi 
Akiba (1960) 
C. arboricola Root 
& Hoffman 1937 
Eucoccidea, 
Haemosporina 
Haemoproteus 
meleagridis 
Atkinson et al. (1983) 
C. circumscriptus 
Kieffer 1918 
Eucoccidea, 
Haemosporina 
Leucocytozoon 
caulleryi 
Morii & Kitaoka (1968) 
C. crepuscularis Eucoccidea, 
Haemosporina 
Haemoproteus 
danilewski 
Fallis & Bennet (1961) 
C. crepuscularis Eucoccidea, 
Haemosporina 
Haemoproteus 
fringillae 
Fallis & Bennet (1961) 
C. crepuscularis Kinetoplastida Trypanosoma spp. Bennet (1961) 
C. downesi Wirth 
& Hubert 1962 
Eucoccidea, 
Haemosporina 
Haemoproteus 
danilewski 
Fallis & Bennet (1961) 
C. downsei Eucoccidea, 
Haemosporina 
Haemoproteus nettionis Fallis & Wood (1957) 
C. edeni Wirth & 
Blanton 1974 
Eucoccidea, 
Haemosporina 
Haemoproteus 
meleagridis 
Atkinson et al. (1983) 
C. fulvithorax 
(Austen 1912) 
Eucoccidea, 
Haemosporina 
Hepatocystis kochi Garnham et al. (1961) 
C. guttifer Eucoccidea, 
Haemosporina 
Leucocytozoon 
caulleryi 
Kitaoka & Cheah (1983) 
C. haematopotus Eucoccidea, 
Haemosporina 
Haemoproteus 
meleagridis 
Atkinson (1989) 
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C. hinmani Khalaf 
1952 
Eucoccidea, 
Haemosporina 
Haemoproteus 
meleagridis 
Atkinson et al. (1983) 
C. knowltoni Beck 
1956 
Eucoccidea, 
Haemosporina 
Haemoproteus 
meleagridis 
Atkinson (1988) 
C. nubeculosus Eucoccidea, 
Haemosporina 
Hepatocystis brayi Miltgen et al. (1976) 
C. nubeculosus Eucoccidea, 
Haemosporina 
Hepatocystis levinei Boulard et al. (1985)  
C. nubeculosus Eucoccidea, 
Haemosporina 
Haemoproteus desseri Miltgen et al. 1981 
C. nubeculosus Kinetoplastida Trypanosoma bakeri Miltgen & Landau (1982) 
C. nubeculosus Kinetoplastida Trypanosoma chabaudi Chandenier et al. (1988, 
cited by Meiswinkel et al. 
2004) 
C. nubeculosus Kinetoplastida Trypanosoma 
davidmolyneuxi 
Chandenier et al. (1988, 
cited by Meiswinkel et al. 
2004) 
C. nubeculosus Kinetoplastida Trypanosoma evertti Chandenier et al. (1988, 
cited by Meiswinkel et al. 
2004) 
C. nubeculosus Kinetoplastida Trypanosoma gentilinii Chandenier et al. (1988, 
cited by Meiswinkel et al. 
2004) 
C. festivipennis 
Kieffer 1914 (as C. 
odibilis Austen 
1921) 
Eucoccidea, 
Haemosporina 
Leucocytozoon 
caulleryi 
Morii & Kitaoka (1968) 
C. schultzei 
(Enderlein 1908) 
Eucoccidea, 
Haemosporina 
Leucocytozoon 
caulleryi 
Greiner & Bennet (1977) 
C. sphagnumensis 
Williams 1955 
Eucoccidea, 
Haemosporina 
Haemoproteus 
canachites 
Fallis & Bennet (1960) 
C. sphagnumensis Eucoccidea, 
Haemosporina 
Haemoproteus 
danilewski 
Greiner & Bennet (1977) 
C. sphagnumensis Eucoccidea, 
Haemosporina 
Haemoproteus 
fringillae 
Fallis & Bennet (1961) 
C. sphagnumensis Eucoccidea, 
Haemosporina 
Haemoproteus velans Khan & Fallis (1971) 
C. sphagnumensis Kinetoplastida Trypanosoma avium Bennet (1970) 
C. sphagnumensis Kinetoplastida Trypanosoma spp. Bennet (1961) 
C. stilobezzioides Eucoccidea, 
Haemosporina 
Haemoproteus 
fringillae 
Fallis & Bennet (1961) 
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C. stilobezzioides Eucoccidea, 
Haemosporina 
Haemoproteus velans Khan & Fallis (1971) 
C. stilobezzioides Kinetoplastida Trypanosoma avium Bennet (1970) 
C. stilobezzioides Kinetoplastida Trypanosoma spp. Bennet (1961) 
C. variipennis Eucoccidea, 
Haemosporina 
Hepatocystis brayi Miltgen et al. (1976) 
Culicoides spp. Eucoccidea, 
Haemosporina 
Malarial parasite Das Gupta & Pal (1976) 
 
 1.2.3.3	  Viruses.	  
Although species of Culicoides have been implicated in the transmission of some 
important nematode and protozoan parasites, it is their role in transmitting viruses that has the 
greatest economic impact. Table 1.6 lists the viruses that have been associated with 
Culicoides. The vast majority of these infect commercial animals, chiefly horses and/or 
ruminants. Only one, Oropouche, is associated with human health. 
Until recently it was thought that Culicoides-borne viruses were not transmitted 
transovarially (Mellor et al. 2000) suggesting that these viruses use other means of 
overwintering (Tabachnick 1996). White et al. (2005), however, were able to detect 
bluetongue virus RNA in the overwintering larvae of C. sonorensis and found that the virus 
present in these larval midges had lost much of its infectivity for mammalian cells, which 
might explain the failure of previous efforts to detect this virus using isolation techniques in 
mammalian cell lines. As the bulk of examination of insects for virus has relied on isolation 
using mammalian cell lines, the insensitivity of this technique may have resulted in a failure 
to detect virus in infected insects and the incorrect conclusion that a species is unable to 
become infected with virus.	  
A considerable amount of investigation into the viruses carried by species of Culicoides 
was undertaken in northern Australia in the 1970’s and 1980’s (Table 1.6). Consequently, the 
Australian species C. brevitarsis has been associated with a wider range of viruses than any 
other species of Culicoides (Table 1.6). 
 
Table 1.6. Viruses known or suspected to be transmitted by Culicoides spp. 
Culicoides 
species 
Culicoides 
subgenus Virus Genus Reference 
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C. bedfordi 
Ingram & Macfie 
1923 
Synhelea African Horse 
sickness 
Orbivirus Paweska et al. 
(2003) 
C. bolitinos Avaritia African Horse 
sickness 
Orbivirus Venter et al. (2009) 
C. brucei Austen 
1909 
Culicoides African horse 
sickness 
Orbivirus Venter et al. (2009) 
C. enderleini 
Cornet & Brunhes 
1994 
Remmia African Horse 
sickness 
Orbivirus Venter et al. (2009) 
C. engubandei de 
Meillon 1937 
Pontoculicoides African Horse 
sickness 
Orbivirus Venter et al. (2009) 
C. exspectator 
Clastrier 1959 
Synhelea African Horse 
sickness 
Orbivirus Venter et al. (2009) 
C. gulbenkiani 
Caeiro 1959 
Avaritia African Horse 
sickness 
Orbivirus Venter et al. (2009) 
C. imicola Avaritia African Horse 
sickness 
Orbivirus Baylis et al. 
(1997); Blackburn 
et al. (1985); 
Meiswinkel (1997); 
Meiswinkel (1998); 
Mellor et al. 
(1990); Venter et 
al. (2009) 
C. leucostictus 
Kieffer 1911 
Meijerehelea African Horse 
sickness 
Orbivirus Venter et al. (2009) 
C. magnus Colaco 
1946 
Culicoides African Horse 
sickness 
Orbivirus Venter et al. (2009) 
C. pycnostictus 
Ingram & Macfie 
1925 
Meijerehelea African Horse 
sickness 
Orbivirus Venter et al. (2009) 
C. sonorensis Monoculicoides African Horse 
sickness 
Orbivirus Boorman et al. 
(1975); Welby et 
al. (1996) 
C. zuluensis de 
Meillon 1936 
Milnei group African Horse 
sickness 
Orbivirus Venter et al. (2009) 
C. brevitarsis Avaritia Aino virus Bunyavirus Muller et al. (1982) 
C. brevitarsis Avaritia Akabane virus Bunyavirus Doherty et al. 
(1972); St George 
et al. (1978); 
Cybinski & Muller 
(1990) 
C. imicola Avaritia Akabane virus Bunyavirus Al Busaidy & 
Mellor (1991); 
Blackburn et al. 
(1985) 
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C. milnei Austen 
1909 
Milnei group Akabane virus Bunyavirus Blackburn et al. 
(1985) 
C. oxystoma Remmia Akabane virus Bunyavirus Kurogi et al. 
(1987) 
C. sonorensis 
(=C. variipennis 
sonorensis) 
Monoculicoides Akabane virus Bunyavirus Jennings & Mellor 
(1989) 
C. wadai Avaritia Akabane virus Bunyavirus Cybinski & Muller 
(1990) 
C. paraensis Haematomyidium Ananindeua Bunyavirus Karabatsos (1985), 
cited by 
Meiswinkel et al. 
(2004) 
C. marksi Marksi group Barmah forest Alphavirus Standfast et al. 
(1984) 
C. punctatus 
(Meigen 1804) 
Culicoides Barur Lyssavirus Kaneko et al. 
(1986) 
C. peregrinus Hoffmania Beatrice Hill unclassified Standfast et al. 
(1984) 
C. marksi Marksi group Belmont Bunyavirus Standfast et al. 
(1984) 
C. insignis Lutz 
1913 
Hoffmania Bivens Arm Lyssavirus Gibbs et al. (1989) 
C. actoni Avaritia Bluetongue 
virus 
Orbivirus Standfast et al. 
(1985) 
C. bolitinos Avaritia  Bluetongue 
virus 
Orbivirus Venter et al. (1998) 
C. brevipalpis Avaritia Bluetongue 
virus 
Orbivirus Standfast et al. 
(1985) 
C. brevitarsis Avaritia Bluetongue 
virus 
Orbivirus Standfast et al. 
(1985); Bellis et al. 
(1994); Yanase et 
al. (2010) 
C. chiopterus Avaritia Bluetongue 
virus 
Orbivirus Dijkstra et al. 
(2008) 
C. cockerelli 
(Coquillett 1901) 
Culicoides Bluetongue 
virus 
Orbivirus Kramer et al. 
(1990) 
C. crepuscularis Beltranmyia Bluetongue 
virus 
Orbivirus White et al. (2005) 
C. dewulfi Avaritia Bluetongue 
virus 
Orbivirus Meiswinkel et al. 
(2007; 2008) 
C. dumdumi (as 
C. fulvus) 
Avaritia Bluetongue 
virus 
Orbivirus Standfast et al. 
(1985) 
C. exspectator Synhelea Bluetongue 
virus 
Orbivirus Nevill et al. (1992) 
C. filarifer Unplaced Bluetongue 
virus 
Orbivirus Mo et al. (1994) 
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C. fulvus Avaritia Bluetongue 
virus 
Orbivirus Standfast et al. 
(1985) 
C. imicola Avaritia Bluetongue 
virus 
Orbivirus Du Toit (1944); 
Blackburn et al. 
(1985); Nevill et al. 
(1992) 
C. impunctatus  Culicoides Bluetongue 
virus 
Orbivirus Carpenter et al. 
(2006) 
C. insignis Hoffmania Bluetongue 
virus 
Orbivirus Greiner et al. 
(1995); Kramer et 
al. (1985); Mo et 
al. (1994) 
C. milnei Unplaced Bluetongue 
virus 
Orbivirus Walker & Davies 
(1971) 
C. nubeculosus Culicoides Bluetongue 
virus 
Orbivirus Jennings & Mellor 
(1988) 
C. obsoletus 
(Meigen 1818) 
Avaritia Bluetongue 
virus 
Orbivirus de Liberato et al. 
(2005); Ferrari et 
al. (2005); 
Carpenter et al. 
(2008b) 
C. oxystoma Remmia Bluetongue 
virus 
Orbivirus Standfast et al. 
(1985) 
C. peregrinus Hoffmania Bluetongue 
virus 
Orbivirus Standfast et al. 
(1985) 
C. pulicaris 
complex 
Culicoides Bluetongue 
virus 
Orbivirus Caracappa et al. 
(2003); Carpenter 
et al. (2006) 
C. punctatus Culicoides Bluetongue 
virus 
Orbivirus Jennings & Mellor 
(1988) 
C. pusillus Lutz 
1913 
Avaritia Bluetongue 
virus 
Orbivirus Greiner et al. 
(1995); Kramer et 
al. (1985); Mo et 
al. (1994) 
C. scoticus 
Downes & Kettle 
1952 
Avaritia Bluetongue 
virus 
Orbivirus Carpenter et al. 
(2008b) 
C. sonorensis 
(=C. variipennis 
sonorensis) 
Monoculicoides Bluetongue 
virus 
Orbivirus Mellor (1990); 
Tabachnick (1992); 
Tabachnick & 
Holbrook (1992). 
C. stellifer 
(Coquillett 1901) 
Oecacta Bluetongue 
virus 
Orbivirus Mullen & 
Anderson (1998) 
C. tororoensis 
Khamala & Kettle 
1971 
Avaritia Bluetongue 
virus 
Orbivirus Elbel et al. (1977) 
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C. wadai Avaritia Bluetongue 
virus 
Orbivirus Standfast et al. 
(1985); Bellis et al. 
(1994) 
C. coarctatus 
Clastrier & Wirth 
1961 
Unplaced Bovine 
ephemeral fever 
Lyssavirus Blackburn et al. 
(1985) 
C. imicola Avaritia Bovine 
ephemeral fever 
Lyssavirus Blackburn et al. 
(1985) 
C. puncticollis 
(Becker 1903) (as 
C. algecirensis 
(Strobl 1900)) 
Monoculicoides Bovine 
ephemeral fever 
virus 
Lyssavirus Skvortsova et al. 
(1982) cited by 
Meiswinkel et al. 
(2004) 
C. brevitarsis Avaritia Bovine 
ephemeral fever 
virus 
Lyssavirus Cybinski & Muller 
(1990); St George 
et al. (1977) 
C. sonorensis 
(=C. variipennis 
sonorensis) 
Monoculicoides Bunyavirus sp. Bunyavirus Hayes et al. (1976) 
C. brevitarsis Avaritia bunyip creek Orbivirus Cybinski & Muller 
(1990) 
C. oxystoma Remmia bunyip creek Orbivirus Standfast et al. 
(1984) 
C. sonorensis 
(=C. variipennis 
sonorensis) 
Monoculicoides Buttonwillow Bunyavirus Nelson & Scrivani 
(1972) 
C. oxystoma Remmia chuzan unclassified Miura et al. (1988) 
C. brevitarsis Avaritia CSIRO 11 unclassified Muller et al. (1982) 
C. brevitarsis Avaritia CSIRO 157 unclassified Muller et al. (1982) 
C. peregrinus Hoffmania CSIRO 25 unclassified Standfast et al. 
(1984) 
C. brevitarsis Avaritia CSIRO 58 unclassified Muller et al. (1982) 
C. brevitarsis Avaritia CSIRO 753 unclassified Muller et al. (1982) 
C. marksi Marksi group CSIRO 79 unclassified Standfast et al. 
(1984) 
C. marksi Marksi group CSIRO 80 unclassified Standfast et al. 
(1984) 
C. brevitarsis Avaritia CSIRO village Orbivirus Cybinski & Muller 
(1990) 
C. brevitarsis Avaritia D'Aguilar Orbivirus Doherty et al. 
(1972); Cybinski & 
Muller (1990) 
C. oxystoma Remmia D'Aguilar Orbivirus Doherty et al. 
(1973); Muller et 
al. (1982) 
C. brevitarsis Avaritia Douglas virus Bunyavirus St George et al. 
(1979) 
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C. marksi Marksi group Bovine 
ephemeral fever 
virus 
Lyssavirus St George et al. 
(1977) 
C. brevitarsis Avaritia Epizootic 
haemorrhagic 
disease virus 
Orbivirus St George et al. 
(1983); Parsonson 
& Snowdon 
(1985); Cybinski & 
Muller (1990) 
C. cornutus de 
Meillon 1937 
Monoculicoides Epizootic 
haemorrhagic 
disease virus 
Orbivirus Barnard et al. 
(1998) 
C. kingi Austen 
1912 
Remmia Epizootic 
haemorrhagic 
disease virus 
Orbivirus Mellor et al. (1984) 
C. nevilli Cornet 
& Brunhes 1994 
Remmia Epizootic 
haemorrhagic 
disease virus 
Orbivirus Barnard et al. 
(1998) 
C. schultzei group Remmia Epizootic 
haemorrhagic 
disease virus 
Orbivirus Mellor et al. 
(1984); Lee et al. 
(1974),  
C. sonorensis 
(=C. variipennis 
sonorensis) 
Monoculicoides Epizootic 
haemorrhagic 
disease virus 
Orbivirus Foster et al. (1977) 
C. imicola Avaritia Equine 
Encephalosis 
virus 
Orbivirus Venter et al. (1999) 
C. marksi Marksi group Eubenangee Orbivirus Standfast et al. 
(1984) 
C. arakawai Meijerehelea Fowl pox virus 
 
Fukuda et al. 
(1979) 
C. marksi Marksi group Humpty Doo Lyssavirus Standfast et al. 
(1984) 
C. oxystoma Remmia Kasba Orbivirus Kurogi et al. 
(1989) 
C. schultzei group Remmia Keterah Bunyavirus Nemova et al. 
(1989) cited by 
Meiswinkel et al. 
(2004) 
C. brevitarsis Avaritia Kimberley Lyssavirus Zakrewski  & 
Cybinski (1984) 
C. marksi Marksi group Leanyer unclassified Standfast et al. 
(1984) 
C. gulbenkiani Avaritia Letsitele virus Orbivirus Nevill et al. (1992) 
C. imicola Avaritia Letsitele virus Orbivirus Nevill et al. (1992) 
C. magnus Culicoides Letsitele virus Orbivirus Nevill et al. (1992) 
C. zuluensis Milnei gp Letsitele virus Orbivirus Nevill et al. (1992) 
C. bolitinos Avaritia Letsitele virus Orbivirus Nevill et al. (1992) 
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C. sonorensis 
(=C. variipennis 
sonorensis) 
Monoculicoides Lokern Bunyavirus Kremer et al. 
(1990) 
C. sonorensis 
(=C. variipennis 
sonorensis) 
Monoculicoides Main drain Bunyavirus Elbel et al. (1977) 
C. oxystoma Remmia Marrakai Orbivirus Standfast et al. 
(1984) 
C. marksi Marksi group Midjinbarry Orbivirus Muller et al. 1982 
C. brevitarsis Avaritia Ngaingan Lyssavirus Doherty et al. 
(1972) 
C. imicola Avaritia Nyabira Orbivirus Blackburn et al. 
(1985) 
C. paraensis Haematomyidium Oropouche Bunyavirus Anderson et al. 
(1961); Pinheiro et 
al. (1981); Roberts 
et al. (1981) 
C. marksi Marksi group Parker's Farm unclassified Standfast et al. 
(1984) 
C. brevitarsis Avaritia Peaton virus Bunyavirus St George et al. 
1980 
C. imicola Avaritia Sabo Bunyavirus Causey et al. 
(1972) 
C. brevitarsis Avaritia Samford 
 
Doherty et al. 
(1972) 
C. imicola Avaritia Shamonda Bunyavirus Lee (1979) 
C. imicola Avaritia Simbu  Nevill et al. (1992) 
C. insignis Hoffmania Sweetwater 
Branch 
 
Meiswinkel et al. 
(1994), cited by 
Meiswinkel et al. 
(2004) 
C. nivosus de 
Meillon 1937 
Beltranmyia Thimiri Bunyavirus Meiswinkel et al. 
(1994), cited by 
Meiswinkel et al. 
(2004) 
C. histrio Meijerehelea Thimirri Bunyavirus Standfast et al. 
(1984) 
C. brevitarsis Avaritia Tibrogargan Lyssavirus Muller et al. (1982) 
C. brevitarsis Avaritia Tinaroo Bunyavirus Muller et al. (1982) 
C. sonorensis 
(=C. variipennis 
sonorensis) 
Monoculicoides Vesicular 
stomatitis, New 
Jersey strain 
Vesiculovirus Elbel et al. (1977) 
C. stellifer 
(Coquillett) 1901 
Oecacta Vesicular 
stomatitis, New 
Jersey strain 
Vesiculovirus Elbel et al. (1977) 
C. dycei Marksi group Wallal Orbivirus Muller et al. (1982) 
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C. marksi Marksi group Wallal Orbivirus Standfast et al. 
(1984) 
C. dycei Marksi group Warrego Orbivirus Muller et al. (1982) 
C. marksi Marksi group Warrego Orbivirus Standfast et al. 
(1984) 
C. pallidothorax Victoriae group Wongorr Orbivirus Standfast et al. 
(1984) 
 1.3	  Other	  organisms	  associated	  with	  but	  not	  transmitted	  by	  
Culicoides 
While most research on biting midge interactions with micro-organisms concerns those 
for which the midge is a vector, studies have found that midges also host a range of 
organisms, including viruses, bacteria, fungi, protozoa and nematodes, whose nature is often 
uncertain (Wirth 1977b). Many are probably commensal symbionts but others are proven 
parasites or pathogens of the midge. At least one group of these, mermithid nematodes 
belonging to the genus Heleidomermis Rubstov 1970, are highly pathogenic for Culicoides 
and probably affect midge population dynamics (Mullens et al. 2008). 
Mermithid parasites of ceratopogonids s have been reported from the Palearctic, Nearctic, 
Oriental and Afrotropical regions. Debenham (1983) noted the presence of nematodes in 
specimens of Australian Forcipomyia (Lasiohelea) and suggested these might be mermithids, 
but no reports have yet been published to establish the presence of nematodes parasitising any 
other Australasian Ceratopogonid (Mullens et al. 2008). 
Generally, the majority of infested midge larvae are killed when the parasite emerges, 
although mermithids are sometimes observed in adult midges and this presumably helps the 
worms to disperse (Poinoir & Sarto I Monteys, 2008). Infested adult midges often exhibit 
aberrant morphology. A common symptom of infested specimens is the possession of male 
genitalia in combination with antennae, palpus and mouthparts with female characteristics 
(Callot & Kremer 1963; Poinoir & Sarto I Monteys, 2008). It is not clear, however, whether 
or not the male genitalia of such specimens is also aberrant. 
 1.4	  Dispersal	  of	  Culicoides	  spp.	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The dispersal of midges and other insects can usually be separated into short distance 
(foraging) dispersal or long distance dispersal. Most of the published work on the dispersal 
behaviour of vectors has been conducted on the vectors of plant viruses and extrapolation to 
the behaviour of Culicoides might not be applicable in every case. Reynolds et al. (2006) 
considered that the majority of long distance movements of vectors are actively initiated by 
behaviour patterns in the vector which expose it to wind currents that, in turn, transport the 
insect over long distances.	  
 1.4.1 Short distance movement of adults of Culicoides 
Adults of Culicoides are generally regarded as weak fliers, with dispersal over long 
distances (e.g., >10km) requiring assistance from the wind (Linley 1976). Studies in 
Australia have estimated flight distances by measuring the distance adult midges have been 
collected from their respective breeding habitat. Distances of 400m for C. flumineus, C. 
immaculatus Lee & Reye, C. molestus and C. subimmaculatus and 800m for C. longior 
(Reye 1992), 1.6-3km for C. ornatus (Reye 1992, Whelan et al. 1997), 40m and 2km for C. 
brevitarsis (Murray 1987; Kay & Lennon 1982) and 16km for C. marmoratus (Reye 1992) 
have been reported although the degree of assistance from wind to these dispersal records is 
difficult to assess. 
 1.4.1 Long distance movement of adults of Culicoides 
Direct evidence for the movement of insects over long distances is difficult to obtain. A 
variety of techniques have been used to compare insects flying at or near ground level (e.g., 
mast traps (Johansen et al. 2003), suction traps (Quinn et al. 1991), light and truck traps 
(Dyce et al. 1972)), with those over water bodies between land masses (Hardy & Cheng 
1986), at low altitude, e.g., kytoons or parafoil kites (Farrow & Dowse 1984), and at medium 
to high altitude, e.g., from aircraft (Hollinger et al. 1991). The presence of insects a long way 
from their habitat, i.e., either over deserts (Dickson 1959), water bodies (Hardy & Cheng 
1986) or at altitude, has been used to suggest these species are capable of long distance 
dispersal. 
Hardy & Milne (1938) noted the preponderance of “small, light bodied insects with weak 
powers of flight” in their collections of aerial plankton over the UK and, indeed, small insects 
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dominate in the reports of long distance dispersal worldwide (Sellers 1980; Reynolds et al. 
2006). 
Indirect and circumstantial evidence of the movement of vectors over long distances has 
often been assessed by correlating disease outbreaks with wind trajectories (Sellers 1980; 
Sellers et al. 1982; Sellers & Pedgeley 1985, Ritchie & Rochester 2001) or by incursions of 
exotic virus genotypes (Melville et al. 1997; Ritchie et al. 1997; Johansen et al. 2000; 
Johansen et al. 2001). This phenomenon has been studied in six viruses transmitted by 
species of Culicoides in Europe (Sellers et al. 1978; 1979), the Middle East (Braverman & 
Chechik 1996), north America (Sellers & Maarouf 1991) and Australia (Murray & Kirkland 
1995; Bishop et al. 1995) and appears to be widespread and relatively common. Recent 
investigations into the wind patterns to the north of Australia indicate that favourable 
conditions for carriage of aerial plankton into northern Australia occur annually (Eagles et al. 
2012). 
More recently, genetic data have been used as evidence for the movement of 
haemotophagous insects across long distances. Chapman et al. (2001) demonstrated gene 
flow between mosquito populations from Papua New Guinea and northern Australia, 
indicating the frequent movement of mosquitoes across the Torres Strait. Although genetic 
tools have yet to be explored for populations of Australian species of Culicoides, 
phylogeographical analyses have been used to demonstrate multiple incursions of C. imicola 
into the northern Mediterranean area from northern Africa (Nolan et al. 2008). 
 1.5	  Systematics	  
Despite their economic importance, the small size of adults of Culicoides probably 
contributed to the low level of attention paid to them by early workers in taxonomy. The first 
description of a species of Culicoides (placed at the time into Culex Linnaeus 1758) was 
published by Linnaeus in 1758 and by 1900 only a further 22 species had been described. 
Thereafter the rate of species descriptions increased steadily (Fig. 1.5) until the publication of 
Wirth’s (1952) monograph, which provided a standardized descriptive format and was the 
first in a series of revisions of regional faunas that led to a marked increase in the number of 
new taxa described. Monographs covering the fauna of Japan (Arnaud 1956), Micronesia 
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(Tokunaga & Mirachi 1959); Papua New Guinea (Tokunaga 1959, 1962, 1963), Great Britain 
(Campbell & Pellham-Clinton 1960), the Philippines (Delfinado 1961), eastern Africa 
(Khamala & Kettle 1971), Laos (Howarth 1985), Russia (Glukhova 1989), southeastern Asia 
(Wirth & Hubert 1989) and more recently China (Yu et al. 2005) have contributed a large 
proportion of the described species of the world. This high rate of taxonomic activity appears 
to have decreased since about 1990 (Fig. 1.5). 
The genus Culicoides is species rich. The first attempt to document the entire world fauna 
was made by Arnaud (1956) who listed 671 valid species. Arnaud & Wirth (1964) updated 
this list providing a further 244 species names. Wirth & Dyce (1985) offered the total number 
of species as 1123 without listing species, whereas Boorman & Hagen (1996) published a list 
of 1537 names but did not identify synonyms, so their total did not reflect the number of 
valid species. Borkent & Wirth (1997) provided a comprehensive list of valid names 
providing a total of 1247 species, which included 37 fossil species. This list has been 
maintained online by Borkent (2012) and at February 2012 the total number of species stood 
at 1366 species. 
None of the aforementioned lists include the number of valid species awaiting 
description. Some regions, such as southeast Asia (Wirth & Hubert 1989) and China (Yu et 
al. 2005), have been treated comprehensively whereas others, such as the Nearctic and 
Neotropics, have had their described fauna listed without any indication of the magnitude of 
fauna awaiting description (Wirth et al. 1985; 1988; Borkent & Spinelli 2000; Borkent & 
Grogan 2009). Dyce (2001) indicated at least 118 undescribed species amongst the 
Australasian fauna whereas Meiswinkel et al. (2004) noted almost 40 undescribed species 
from South Africa. Ilango (2006) summarized the faunal records from India and considered 
that the total of 26 species recorded from India was disproportionally low compared to 
neghbouring countries and concluded that the “Culicoides fauna from south Asia remains 
unexplored”. According to Borkent (2012), the total number of species known from India is 
now 48, but this number is still low when compared to geographically smaller countries like 
Laos which has 62 species recorded (Howarth 1985). Borkent & Spinelli (2007) noted that 
large swaths of the neotropics have never been sampled and that there likely remain many 
species to be discovered. Additionally, recent work using molecular techniques has identified 
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the existence of cryptic species (Pagés et al. 2009) and further genetic work will likely lead to 
an increase in the total number of species recognised. 
Figure 1.5. Rate of new species description within genus Culicoides extracted 
from Borkent (2012). 
	  
 1.5.1 Generic synonyms 
The genus Culicoides was first described by Latreille (1809) using Ceratopogon 
punctatus as the type species although it took almost 100 years for this genus to be accepted 
as valid and, until that time, species were mostly placed into Ceratopogon. A number of other 
genera were described (Oecacta Poey 1853; Psychophaena Philippi 1865; Haematomyidium 
Goeldi 1905; Cotocripus Brethes 1912; Oxyhelea Kieffer 1921c; Diplosella Kieffer 1921d; 
Haemophoructus Macfie 1925; Synhelea Kieffer 1925, Prosapelma Kieffer 1925 and 
Neoculicoides Boorman & Lane 1979) which have since been recognised as synonyms of 
Culicoides, and all but Oxyhelea, Prosapelma and Neoculicoides are now regarded by 
Borkent (2012) as valid subgenera. Borkent’s (2012) decision to not recognize subgeneric 
groupings containing a single species has left the type species of these three monotypic taxa 
unassigned to subgenus and consequently his list does not recognise the validity of these taxa.	  
 1.5.2 Subgeneric classification 
Biologists often rely on systematic relationships between species to infer an aspect of a 
particular species’ biology from that of a related, relatively well studied species. For a genus 
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as large and diverse as Culicoides it is difficult to justify assumptions across the full range of 
species. Understanding the evolutionary history of the genus and grouping related species has 
allowed speculation that species belonging to C. subg. Avaritia are likely to be competent 
vectors of bluetongue virus (Dyce 1989). This speculation was recently supported by the 
finding that several species belonging to this subgenus were novel vectors of bluetongue 
virus during an unprecedented outbreak of the virus recently in Europe (Carpenter et al. 
2008b). 
Root & Hoffman (1937) made the first attempt at a subgeneric classification of 
Culicoides using the Nearctic fauna and this was followed and expanded upon by Edwards et 
al. (1939) for the Palearctic region. Fox (1948) and Vargas (1953) erected two additional 
subgenera, as did Khalaf (1954) who also made the first attempt at estimating a phylogeny for 
the genus. Wirth & Blanton (1959), however, avoided the creation of formal subgeneric taxa, 
preferring to wait until a greater proportion of the fauna was known before cluttering the 
literature with taxa requiring formal “rules of priority and nomenclatural bookkeeping”. Their 
system of placing species into informal species groups was adopted extensively and currently 
there are more such groups (39), which remain unplaced into formal subgenera, than there are 
formal subgenera (29) (Borkent 2012).  
Many of the species groups have been erected following revisions of regional faunas 
rather than from studies that consider the entire Culicoides fauna. Consequently, 
monographic works such as Campbell & Pellham-Clinton’s (1960) treatment of the British 
fauna and Khamala & Kettle’s (1971) revision of the east African fauna placed species into 
species groups specific to their region, noting that some of these appeared to be related to 
groups or subgenera from elsewhere in the world, but neither set of authors made an attempt 
to synonymise these groups. While some of the recognised species groups are likely to be 
monophyletic and warrant erection as subgenera, indeed Campbell & Pellham-Clinton’s 
(1960) Segnis species group was elevated to subgeneric status by Vargas (1973a) (C. subg. 
Wirthomyia), difficulties in applying groupings across geographic regions has led to a 
proliferation of regional species groups, many of which are likely to be synonymous.  
Borkent & Grogan (2009) noted that the present system of subgeneric classification of 
Culicoides is far from satisfactory. They noted that no phylogenetic analyses have been 
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performed to test the monophyly or relationships of any of the subgeneric groups and the 
significance of the morphological characters proposed as synapomorphies is often unclear, 
resulting in species in which females could be placed into one group but in which males 
appear more closely allied to another. Although not explicitly stated, it would appear that 
other workers agree with Borkent & Grogan’s (2009) opinion as only one of the 
aforementioned published checklists of world species have provided a summary of the 
current placement of species into subgeneric groupings, albeit with a warning of the system’s 
inadequacy (Borkent 2012). The lack of testing support for named subgenera often leads to 
subgenera being moved in and out of synonomy, and to species being placed in poorly 
defined subgenera such as Oecacta (Wirth & Dyce 1985). Culicoides subg. Wirthomyia is an 
example of a subgenus which has been moved in and out of synonymy. It was erected by 
Vargas (1973), ignored by Wada (1979) who preferred to refer to the "Segnis group", 
subsequently sunk under C. subgen. Oecacta by Remm (1981), resurrected by Delécolle & 
Kremer (1982) and affirmed by Wirth et al. (1985), Glukhova (1989) and Phillips et al. 
(2006). The current status of the subgenus is unclear as the most recent treatment by Yu et al. 
(2005) placed the type species, C. segnis, into C. subgen. Oecacta, effectively sinking C. 
subgen. Wirthomyia under C. subgen. Oecacta again. No action on this synonomy was 
however proposed by Yu et al. (2005) and Borkent (2012) did not accept this, or several other 
such “synonomies”, as valid. 
 1.5.3 Systematics of Australasian Culicoides. 
Until recently, taxonomic studies of Australasian species of Culicoides paid little attention to 
systematic relationships. Early works (Skuse 1889; de Meijere 1906, 1907; 1909; Keiffer 
1910, 1917, 1921a, 1921b; Taylor 1913, 1918; Macfie 1925, 1933a, 1933b, 1939, 1941, 
1946; Edwards 1928; Goetghebuer 1932) provided brief descriptions with minimal or no 
illustration and often dealt with only a single species. Lee & Reye (1953, 1955, 1963), 
Tokunaga (1959, 1962, 1963, 1977; Tokunaga & Murachi 1959) and Wirth & Arnaud (1969) 
made the first comprehensive attempts to document the fauna but contributed little to their 
subgeneric classification, concentrating instead on distinguishing species. 
Debenham (1979) provided the first attempt to document existing subgeneric systematic 
classification systems as they applied to the Australasian fauna. Her checklist placed 23 
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Australasian species (20.5% of the described fauna) into recognised subgenera while leaving 
the remaining 87 (79.5%) of the species unplaced to subgenus (Table 1.7). This list was 
subsequently updated (Debenham 1989) placing 49 (40%) species into seven recognised 
subgenera while leaving 74 (60%) species unplaced (Table 1.7). 
It was clear from Debenham’s (1979; 1989) analyses that, while some of the Australasian 
fauna appeared to be unique, many species and subgeneric groupings were also present in the 
Oriental, Afrotropical and Neotropical regions. This became more evident when Wirth & 
Hubert (1989) provided a synopsis of the Culicoides of southeast Asia. Fifty-one (30%) of 
the 168 species represented in southeast Asia are also present in Australasia, along with six of 
the nine subgenera (Avaritia Fox 1955, Haemophoructus, Hoffmania Fox, 1948, 
Meijerehelea Wirth & Hubert, 1961, Remmia Glukhova, 1977:and Trithecoides Wirth & 
Hubert 1959) and seven of the eight natural species groups (Dyce 2001). Many of these taxa 
are not present in the Palearctic region and Dyce (2001) suggested that the southeast Asian 
and Australasian faunas share a common Gondwanan origin. By comparing the relative 
diversity of some of these subgeneric groupings in the Oriental and Australasian regions, 
Dyce (2001) suggested that those taxa with a larger representation in southeastern Asia 
probably originated from Gondwanaland via India while those with a stronger representation 
within Australasia probably evolved there and subsequently dispersed into southeastern Asia. 
The lack of knowledge of the phylogeny of these species makes such interpretation difficult 
as the predominance of a group in a region may reflect either that the taxa evolved there or 
that an ancestor arrived, thrived and evolved into a large number of species. 
Recent additions to the systematics of the Australasian fauna were provided by Dyce & 
Meiswinkel (1995), who erected the New Guinea subgenus C. subgen. Tokunagahelea Dyce 
& Meiswinkel 1995; Clastrier & Delécolle (1996), who described two species belonging to 
the Costalis group from the Pacific; Dyce & Wirth (1997), who revised a new species group, 
the Purus group from Australia, New Guinea and Sulawesi; Dyce (1996a), who described a 
new Ornatus group species from New Guinea and the Solomon Is.; and Dyce (1996b), who 
described the male of C. agas. Dyce (2001) proposeda classification of the Australasian 
fauna, offering a total number of 147 described and 118 undescribed species placed into eight 
subgenera and 15 species groups that were unplaced to subgenus. Yu et al.’s (2005) revision 
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of the Chinese fauna included several species also present in Australasia, so their 
classification has relevance to the Australasian fauna. They placed the majority of the 
Chinese fauna into 12 subgenera although many of these placements, including several 
species present in Australasia, appeared to follow those of Wada & Kitaoka (1977) instead of 
the more recent treatment by Wirth & Hubert (1989). 
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Table 1.7. History of the systematic classification of Australasian species of Culicoides 
 Wirth & 
Arnaud 
1969 
Debenham 1979 Debenham 1989 Wirth & Hubert 
1989 
Dyce & 
Meiswinkel 
1995 
Clastrier 
& 
Delécolle 
1996 
Dyce 
1996a 
Dyce 1996b Dyce & 
Wirth 
1997 
Dyce 2001 Meiswinkel 
2004 
Meiswinkel 
et al. 2004 
Yu et al. 2005 
C. actoni  Avaritia Avaritia Avaritia, Actoni 
Group 
     Avaritia, Actoni 
Group 
 Avaritia, 
Grahamii 
Complex 
Avaritia 
C. agas Wirth & 
Hubert 1989 
       Immaculatus  Immaculatus    
C. anophelis  Trithecoides Trithecoides Trithecoides, 
Anophelis Group 
     Trithecoides, 
Anophelis Group 
   
C. antennalis  Unplaced Unplaced       Unplaced, 
Antennalis group 
   
C. arakawai   Meijerehelea           
C. ardentissimus 
Tokunaga 1940a 
  Unplaced           
C. ardleyi 
Tokunaga 1962 
 Unplaced Unplaced           
C. australiensis 
(lost sp) Kieffer 
1917 
 Unplaced Unplaced           
C. austropalpalis  Unplaced Oecacta           
C. baisasi  Trithecoides Trithecoides Trithecoides, 
Anophelis Group 
         
C. bancrofti Costalis Unplaced Unplaced   Costalis    Unplaced, 
Bancrofti group 
   
C. barnetti  Trithecoides Trithecoides Trithecoides, 
Raripalpis Group 
         
C. belkini Ornatus Unplaced Unplaced           
C. bodemensis 
Clastrier & 
Delecolle 1996 
 Unplaced    Costalis        
C. boophagus   Avaritia Avaritia,      Avaritia,    
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Macfie 1937 Orientalis Group Boophagus group 
C. bougainvillae 
Tokunaga 1962 
 Unplaced Unplaced           
C. brevipalpis   Avaritia Avaritia, 
Orientalis Group 
       Avaritia, 
Gulbenkiani 
Complex 
Avaritia 
C. brevitarsis  Avaritia Avaritia Avaritia, 
Orientalis Group 
      Avaritia, 
Imicola 
Complex 
Avaritia, 
Imicola 
Complex 
Avaritia 
C. bundyensis  Unplaced Unplaced           
C. bunrooensis   Unplaced Oecacta           
C. calcaratus    Haemophoructus, 
Maculipennis 
Group 
     Haemophoructus    
C. cancrisocius  Oecacta Unplaced           
C. capricornae 
Dyce & Wirth 1997 
        Purus Purus    
C. chazeau 
Clastrier & 
Delecolle 1996 
     Costalis        
C. circumbasalis 
Tokunaga 1959 
 Unplaced Unplaced Unplaced, 
Ornatus Group 
         
C. claggi Tokunaga  
in Tokunaga & 
Murachi 1959 
  Unplaced           
C. clavipalpis   Oecacta Unplaced, 
Clavipalpis Group 
     Unplaced, 
Clavipalpis group 
  Avaritia 
C. cordiger  Unplaced Unplaced Unplaced, 
Ornatus Group 
         
C. coronalis  Unplaced Unplaced       Unplaced, 
Coronalis group 
   
C. costalis 
Tokunaga 1963 
Costalis Unplaced Unplaced   Costalis        
C. crassus 
Tokunaga 1962 
 Unplaced Unplaced           
C. culiciphagus  Trithecoides Trithecoides           
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C. cuniculus Lee & 
Reye 1953 
 Unplaced Unplaced           
C. dikhros 
Tokunaga 1962 
 Unplaced Avaritia Avaritia, 
Orientalis Group 
         
C. dryadeus Wirth 
& Hubert 1972 
   Unplaced, 
Shermani Group 
     Unplaced, 
Shermani group 
   
C. dubiosum Dyce 
& Wirth 1997 
        Purus Purus    
C. dumdumi    Avaritia, 
Orientalis Group 
      Avaritia, 
Orientalis 
Complex 
Avaritia, 
Orientalis 
Complex 
 
C. dycei  Unplaced Unplaced           
C. effusus 
Delfinado 1961 
   Hoffmania          
C. elizabethae 
Dyce & Wirth 1997 
        Purus Purus    
C. esakii Tokunaga 
1940a 
  Oecacta           
C. flavescens  Trithecoides Trithecoides Trithecoides, 
Flavescens 
Group 
     Trithecoides, 
Flavescens 
Group 
   
C. flavidorsalis 
Tokunaga 1959 
 Unplaced Unplaced           
C. flavimaculinotalis 
Tokunaga 1940b 
  Oecacta           
C. flavipunctatus 
Kitaoka 1975 
   Avaritia, 
Orientalis Group 
      Avaritia, 
Orientalis 
Complex 
  
C. flaviscriptus 
Tokunaga 1959 
  Oecacta           
C. flumineus    Unplaced, 
Ornatus Group 
         
C. fragmentum 
Tokunaga 1962 
 Avaritia Avaritia Avaritia, 
Orientalis Group 
         
C. fulbrighti  Unplaced Unplaced           
C. fulvus   Avaritia Avaritia, 
Orientalis Group 
      Avaritia, 
Orientalis 
Avaritia, 
Orientalis 
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Complex Complex 
C. gemellus Macfie 
1934 
 Haemophoructus Haemophoructus Haemophoructus, 
Gymnopterus 
Group  
        Haemophoructus 
C. geminus    Unplaced, 
Shermani Group 
         
C. gentilis Macfie 
1934 
 Haemophoructus Haemophoructus Haemophoructus, 
Gymnopterus 
Group  
        Haemophoructus 
C. geocheloneoides 
Dyce & Meiswinkel 
1995 
    Tokunagahelea         
C. gewertzi    Trithecoides, 
Raripalpis Group 
         
C. gladysae  Unplaced Unplaced           
C. guttifer  Meijerehelea Meijerehelea       Meijerehelea    
C. henryi  Unplaced Unplaced           
C. histrio  Meijerehelea Meijerehelea       Meijerehelea    
C. hollandiensis 
Tokunaga 1959 
 Unplaced Unplaced           
C. hornsbyensis 
Lee & Reye 1963 
 Unplaced Unplaced           
C. hyalinus 
Tokunaga 1962 
 Unplaced Unplaced           
C. immaculatus  Unplaced Unplaced     Immaculatus  Immaculatus    
C. inflatipalpalis 
Tokunaga 1963 
 Unplaced Unplaced           
C. insulanus Macfie 
1933 
 Unplaced Oecacta           
C. interrogatus  Unplaced Unplaced           
C. jacobsoni  Avaritia (as both 
jacobsoni and 
unisetiferus 
Tokuanga) 
Avaritia Avaritia, 
Orientalis Group 
     Avaritia, 
Jacobsoni group 
Avaritia, 
Orientalis 
Complex 
 Avaritia 
C. jimmiensis 
Tokunaga 1959 
 Unplaced Culicoides           
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C. kusaiensis 
Tokunaga 1940a 
  Unplaced       Unplaced, 
Kusaiensis group 
  Oecacta, 
Vexans section 
C. leanderensis 
Lee & Reye 1963 
 Unplaced Unplaced           
C. leei Tokunaga 
1960 
 Unplaced Unplaced           
C. longior   Unplaced           
C. longiradialis 
Tokunaga 1962 
 Unplaced Unplaced           
C. loughnani  Drymodesmyia Drymodesmyia       Drymodesmyia    
C. mackerrasi  Unplaced Unplaced           
C. maculipennis 
(Macfie) 1925 
   Haemophoructus, 
Maculipennis 
Group 
     Haemophoructus, 
Maculipennis 
Group 
   
C. maculiscutellaris 
Tokunaga 1959 
 Unplaced Unplaced           
C. magnipictus 
Tokunaga 1962 
 Unplaced Unplaced           
C. marginalis  Unplaced Oecacta           
C. marginatus 
Delfinado 1961 
   Unplaced, 
Shermani Group 
         
C. marksi  Unplaced Unplaced       Unplaced, Marksi 
group 
   
C. marmoratus  Unplaced Unplaced           
C. mcmillani  Unplaced Unplaced           
C. meijerei Kieffer 
1919 
 Unplaced Unplaced           
C. melanesiae  Unplaced Unplaced       Unplaced, 
Melanesiae 
group 
   
C. mikros Dyce & 
Meiswinkel 1995 
    Tokunagahelea         
C. minimus Wirth & 
Hubert 1989 
   Avaritia, Actoni 
Group 
         
C. molestus  Unplaced Unplaced       Unplaced, 
Molestus group 
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C. mollis Edwards 
1928 
 Unplaced Unplaced           
C. monothecalis 
Tokunaga 1962 
 Unplaced Unplaced           
C. moreenensis  Unplaced Unplaced           
C. multimaculatus  Unplaced Unplaced           
C. murrayi Wirth & 
Hubert 1989 
   Unplaced, 
Williwilli Group 
     Unplaced, 
Williwilli group 
   
C. mykytowyczi  Unplaced Unplaced           
C. narrabeenensis  Unplaced Oecacta           
C. nattaiensis  Unplaced Oecacta           
C. neomelanesiae 
Tokunaga 1963 
 Unplaced Unplaced           
C. neopalpalis 
Tokunaga 1962 
 Unplaced Oecacta           
C. nigroannulatus 
Goetghebuer 1932 
 Culicoides            
C. nitens Edwards 
1933 
   Haemophoructus, 
Gymnopterus 
Group  
         
C. notatus 
Delfinado 1961 
 Unplaced (as 
papuae 
Tokunaga 1962) 
Oecacta Unplaced, 
Clavipalpis Group 
         
C. novaguineanus 
Tokunaga 1959 
 Unplaced Culicoides           
C. novairelandi 
Tokunaga 1962 
 Unplaced Unplaced       Unplaced, 
Costalis group 
   
C. nudipalpis    Avaritia, 
Orientalis Group 
     Avaritia, Imicola 
group 
Avaritia, 
Imicola 
Complex 
Avaritia, 
Imicola 
Complex 
 
C. obscurus 
Tokunaga 1959 
 Avaritia (as 
pungens) 
Avaritia Avaritia, 
Orientalis Group 
      Avaritia, 
Orientalis 
Complex 
Avaritia, 
Orientalis 
Complex 
 
C. orestes Wirth & 
Hubert 1989 
   Hoffmania         Avaritia 
C. orientalis  Avaritia Avaritia Avaritia,      Avaritia, Avaritia, Avaritia, Avaritia 
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Orientalis Group Orientalis group Orientalis 
Complex 
Orientalis 
Complex 
C. ornatus  Unplaced Unplaced Unplaced, 
Ornatus Group 
     Unplaced, 
Ornatus group 
   
C. oxystoma  Oecacta (as 
schultzei) 
Remmia       Remmia  Remmia 
(Schulzei 
group) 
 
C. palauensis 
Tokunaga in 
Tokunaga & 
Murachi 1959 
  Unplaced          Avaritia 
C. pallidimaculosus 
Tokunaga 1959 
 Unplaced Oecacta           
C. pallidizonatus 
Tokunaga 1963 
 Unplaced Unplaced           
C. pallidothorax  Unplaced Unplaced           
C. palpifer 
DasGupta & Ghosh 
1956 
 Trithecoides Trithecoides Trithecoides, 
Macfei Group 
         
C. pampangensis 
Delfinado 1961 
   Unplaced, 
Ornatus Group 
         
C. pangkorensis 
Wirth & Hubert 
1989 
   Unplaced, 
Ornatus Group 
         
C. papuensis  Unplaced Unplaced Unplaced, 
Ornatus Group 
         
C. parabubalis 
Wirth & Hubert 
1989 
   Hoffmania          
C. paragarciai Dyce 
1996 
      Ornatus       
C. parvimaculatus  Unplaced Unplaced           
C. parviscriptus  Unplaced Oecacta Unplaced, 
Clavipalpis Group 
         
C. paulipictus 
Tokunaga 1977 
  Unplaced           
C. peliliouensis   Unplaced Unplaced,         Fastus 
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Ornatus Group 
C. peregrinus  Culicoides Culicoides Hoffmania      Hoffmania  Hoffmania 
(Peregrinus 
group) 
 
C. perornatus 
Delfinado 1961 
  Oecacta (as 
both perornatus 
and as 
multinotatae) 
Unplaced, 
Clavipalpis Group 
         
C. petersi 
Tokunaga 1962 
 Unplaced Oecacta           
C. platiradius 
Tokunaga 1963 
 Unplaced Unplaced           
C. polynesiae Wirth 
& Arnaud 1969 
Costalis Unplaced Unplaced   Costalis        
C. pseudopalpalis 
Wirth & Hubert 
1989 
   Unplaced, 
Williwilli Group 
     Unplaced, 
Williwilli group 
   
C. 
pseudostigmaticus 
Tokunaga 1959 
 Unplaced Unplaced           
C. purus  Unplaced Unplaced      Purus Purus    
C. pygmaeus 
Tokunaga 1963 
 Unplaced Unplaced  Tokunagahelea         
C. quaterifasciatus 
Tokunaga 1959 
 Unplaced Unplaced           
C. queenslandae 
Dyce & Wirth 1997 
        Purus Purus    
C. rabauli  Unplaced Unplaced           
C. sabroskyi 
Tokunaga 1959 
  Unplaced           
C. samoaensis 
Wirth & Arnaud 
1969 
Ornatus Unplaced Unplaced           
C. semicercum 
Tokunaga 1959 
 Unplaced Oecacta           
C. shermani 
Causey 1938 
   Unplaced, 
Shermani Group 
     Unplaced, 
Shermani group 
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C. sigmoidus Lee & 
Reye 1963 
 Unplaced Unplaced           
C. smeei  Unplaced Oecacta           
C. subimmaculatus  Unplaced Unplaced           
C. submagnesianus 
Tokunaga 1962 
 Unplaced Unplaced           
C. sumatrae  Culicoides (as 
amamiensis) 
Culicoides Hoffmania      Hoffmania   Avaritia 
C. tainanus Kieffer 
1916 
   Avaritia, 
Orientalis Group 
      Avaritia, 
Orientalis 
Complex 
Avaritia, 
Orientalis 
Complex 
Avaritia 
C. tripallidus 
Tokunaga 1959 
 Unplaced Unplaced           
C. tritenuifasciatus 
Tokunaga 1959 
 Unplaced Unplaced           
C. trizonatus 
Tokunaga 1963 
 Unplaced Unplaced           
C. victoriae  Unplaced Unplaced       Unplaced, 
Victoriae group 
   
C. wadai   Avaritia Avaritia, 
Orientalis Group 
       Avaritia, 
Suzukii 
Complex 
Avaritia 
C. waringi Lee & 
Reye 1955 
 Unplaced Unplaced           
C. williwilli Lee & 
Reye 1955 
 Unplaced Oecacta       Unplaced, 
Williwilli group 
   
C. xanthoceros 
Kieffer 1917 
  Unplaced           
C. yasumatsui 
Tokunaga 1941 
 Unplaced (as 
lingensis) 
Oecacta Unplaced, 
Williwilli Group 
     Unplaced, 
Williwilli group 
   
C. yoshimurai 
Tokunaga 1941 
 Unplaced Oecacta           
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 1.6	  Morphological	  characters	  used	  in	  the	  classification	  of	  
Culicoides	  
Most of the characters used by early workers on the systematics of Culicoides are specific 
to either males or females, however the patterning of the wing is used for both sexes and is 
the most common means of associating male and female specimens. Commonly used 
characters of the female have been the distribution of wing macrotrichia, mesonotal 
patterning, eye separation, the shape of the third palpal segment, the number and form of 
mandibular teeth, cibarial armature, the size, number and shape of the spermathecae and 
ratios of distal to proximal antennal segment lengths, ratio of lengths of first and second hind 
tarsal segments, ratio of the lengths of the costal vein and the wing, and the ratio of the length 
of the proboscis and the head. Male characters have been almost exclusively genitalic, such 
as the shape of the male aedeagus and parameres, presence of spiculae on the ninth sternite, 
degree of development of the postero-lateral processes on the ninth tergite, and the shape and 
degree of development of the dorsal and ventral roots of the gonocoxite. Malloch (1915) 
provided a good synopsis of the morphology of the thorax, Jobling (1928) for the head and 
Pomerantzev (1932) for the male and female genitalia.  
 1.6.1 Immatures 
The usefulness of the morphology of immature stages in systematics has not received as 
much attention as has adult morphology. Most larval taxonomy concentrates on 4th instars 
and important characters are the colour and size of the head capsule, size and number of 
epipharygeal teeth, thoracic pigmentation and relative lengths of anal setae (Fig. 1.6). Pupal 
taxonomy has received more attention than larval and descriptions are available for only 28 
Australasian species of Culicoides (Elson & Murray 1992). Important characters for pupae 
are the shape of abdominal and dorsal thoracic tubercules, degree of scaling and number of 
spiracular openings on the prothoracic horn, number and distribution of thorns on the 
operculum and the shape of the caudal segment (Fig. 1.7).  
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Figure 1.6. Fourth-instar larva of Culicoides molestus (Skuse 1889).  
1. epipharynx. 2. Head lateral. 3. Head dorsal. 4. Head ventral. 5. Dorsal head and 
thoracic pigmentation. (Kettle & Elson 1976). Letters refer to standard labelling of setae. 
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Figure 1.7. Pupal morphology of Culicoides zentae Bellis & Dyce 2011.  
a.	  Thoracic	  tubercules.	  b.	  Abdominal	  tubercules	  (lasm=lateral	  anterosubmarginal;	  
lpm=lateral	  posteromarginal;	  dpm=dorsal	  posteromarginal,	  dasm=dorsal	  anterior	  
submarginal;	  v=ventral).	  c.	  Caudal	  segment.	  d.	  Head.	  e.	  Operculum.	  f.	  Prothoracic	  horn	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Kettle & Elson (1975b) offered a standardized descriptive format for immature stages of 
Culicoides and were subsequently (Kettle & Elson 1975c) able to identify the larval and 
pupal characters important at the subfamily and tribal level. This enabled them to place 
Paradasyhelea minuta Wirth & Lee 1959 into the Culicoidini based on immature specimens 
but they were unable to separate this genus from the genus Culicoides without using adult 
characters. Similarly, Glukhova (1979) used the immature stages of several species of 
Culicoides to assess the status of a number of subgenera. The parietal fat body lying 
underneath the surface cuticle of larvae produces distinctive patterns which can be useful in 
identification (Kettle & Elson 1976). While most authors agree that specific separation and 
larval habitat can be inferred from pupal morphology (Kettle & Lawson 1952; Jamnback 
1965; Glukhova 1979; Kettle & Elson 1980), Nevill & Dyce (1984) were unable to make 
similar correlations with systematic position or subgeneric affinities. Indeed, Kettle & Elson 
(1975c) were unable to observe generic level differences in larval and pupal morphology 
within the Culicoidini. 
 1.6.2 Adults 
 
 1.6.2.1 Measurement 
While most workers have recognized that the use of of absolute measurements is subject 
to considerable intraspecific variability and are consequently unreliable for species 
differentiation, the ratio of various body parts has been commonly used to distinguish 
species. The use of ratios has come under criticism, however, especially where the 
measurements used to calculate ratios are subject to parallax on slide-mounted material 
(Campbell & Pelham-Clinton 1960; Meiswinkel 1995). Nevertheless, numerical data such as 
antennal, palpal and tarsal ratios remain a feature of modern species descriptions. Indeed, 
morphometrics have recently seen a resurgence in use following the use of DNA as a reliable 
means of recognising females of species hitherto thought to be morphologically inseparable 
(Augot et al. 2010; Munoz-Munoz et al. 2011). 
 1.6.2.2 Thoracic and abdominal patterning 
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Until the late 1950’s, the colour patterning on the mesothorax and scutellum was used 
extensively in descriptions and keys to species. This character is most easily seen in dried 
specimens but its reliability is dependent on the age of the specimen and the lighting and 
angle at which it is viewed (Foote & Pratt 1954). Additionally, thoracic patterning is usually 
not visible in slide-mounted specimens where thoraces are generally mounted laterally 
(Delfinado 1961). The difficulties in interpretation of thoracic patterns combined with a trend 
since the late 1950’s to base species descriptions almost exclusively on slide mounted 
material, has resulted in mesonotal patterning no longer receiving much attention (Cornet 
1974). Meiswinkel (2004) recently observed that the patterning of the abdomen was useful in 
separating species belonging to the Imicola and Orientalis groups of C. subg. Avaritia but this 
character has not been studied in any other species. 
 1.6.2.3 Male genitalia 
Carter et al. (1920) were the first to recognize the usefulness of the male hypopygium of 
Culicoides in species differentiation. Shortly thereafter, Pomerantzev (1932) provided a 
detailed description of the male genitalia of C. nubeculosus and C. fascipennis (Staeger 
1839), and the shape and arrangement of these structures has since become a standard feature 
of species and subgeneric descriptions (Cornet 1974). 
Unlike most characters used in the classification of females, which are largely numerical 
and distributional, differences among male genitalia are primarily associated with the shape, 
length and degree of development of various structures (Fig. 1.8). Important characters are 
the shape, armament and degree of fusion of the parameres, the length of the distal process 
and basal arms and the degree of armament of the aedeagus, the degree of development of the 
apicolateral processes of the 9th tergite and shape of the ventral and dorsal roots of the 
gonocoxites. These characters are useful at the species level and are widely used also in 
defining subgeneric groupings (Root & Hoffman 1937; Edwards et al. 1939; Vargas 1960; 
1973a; 1973b). 
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Figure 1.8. Male genitalia of Culicoides subimmaculatus. 
 1.6.2.4 Female genitalia 
In common with many other insect groups, the genitalia of females of Culicoides do not 
display as many useful morphological characters as that seen in males. Pomerantzev (1932) 
provided a detailed description of the genitalia of females of C. nubeculosus but only the 
spermathecae and associated ducts are routinely used in taxonomic descriptions and 
diagnoses. Recently, the shape and degree of separation of the subgenital plates has been used 
to separate morphologically similar species of C. subgen. Avaritia (Augot et al. 2010) and 
detailed examination of these structures may reveal it to be more broadly useful (Meiswinkel 
2004). 
Important characters of the spermathecae are the number, shape, degree of sclerotisation, 
length of the neck connected to the ducts and the presence of a sclerotised ring close to the 
gonopore (Fig. 1.9). 
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Figure 1.9. Female genitalia of Culicoides asiatica sp nov. 
 1.6.2.5 Antennal sensilla 
Ortiz (1950) first introduced the use of Jobling’s (1928) antennal sensory organs in 
descriptions of species while Campell & Pelham-Clinton (1960) noted that the distribution of 
these sensory organs on the antennae were useful not only for distinguishing species but also 
for grouping species into subgeneric taxa. These sensilla went by various names, “olfactory 
pits” (Jobling 1928), “sensilla campaniforma” (Cornet 1974) and finally “sensilla 
coeloconica” (Wirth & Navai 1978). By the 1960’s, antennal sensilla coeloconica were being 
used routinely and have since become a standard character used in all keys and descriptions 
(Cornet 1974). Although some workers have included the distribution of sensilla coeloconica 
on male antennae in descriptions (Campell & Pelham-Clinton 1960, Meiswinkel & Dyce 
1989) their use has not been as widely adopted for descriptions of males as it has for those of 
females. Studies on the morphology and innervation of sensilla coeloconica indicate that they 
are double-walled, chemoreceptive sensilla (Blackwell et al. 1992). Their function, i.e., 
detection of carbon dioxide or other odours, is uncertain however comparisons have been 
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drawn between the total number of sensilla coeloconica present on the antenna and the host 
of the midge, suggesting they play a role in host detection (see section 1.1.1.1). 
Another form of double-walled chemoreceptive sensilla is present on the antennae of both 
sexes. These "sensilla basiconica" appear to be much more prevalent on distal rather than 
basal flagellomeres but few studies have described their distribution and abundance 
(Blackwell et al. 1992; Dyce & Wirth 1997; Dyce 1997). Sensilla basiconica are difficult to 
count, which might explain why they have not been used extensively in species descriptions.  
Campbell & Pelham-Clinton (1960) also described the presence of “sensilla coeloconica” 
on the third and fourth antennal segments of all British species of Culicoides. As these were 
invariably present on all species in their revision they did not refer to it. Cornet (1974) 
subsequently commented that sensilla coeloconica sensu Campbell & Pelham-Clinton (1960) 
were present on the third and fourth antennal segment of all species of Culicoides studied and 
were consequently of no use in taxonomic studies. Neither Campell & Pelham-Clinton (1960) 
nor Cornet (1974) commented on the presence of these sensilla on males. Wirth & Navai 
(1978) offered the term "sensilla ampullacea" to distinguish these sensilla from what they 
regarded as true sensilla coeloconica. 
The presence of “hair sensilla”, while noted by earlier workers (e.g., Wirth 1952), has not 
been used widely in species descriptions. Cornet (1974) did not believe they were useful in 
the taxonomy of females but provided data indicating a correlation between the distribution 
of these sensilla on male antenna and the placement of these species into subgeneric taxa. 
Wirth & Navai (1978) suggested use of the term "sensilla trichodea" (ST) for these structures. 
Studies on the external morphology and innervation of ST revealed them to be single-walled, 
chemoreceptive sensilla (Blackwell et al. 1992). Three types occur in Culicoides; STc are 
small, blunt tipped sensilla and STl are longer, blunt-tipped sensilla while STs are long, 
sharp-tipped trichodea found only on distal flagellomeres (Chu-Wang et al. 1975; Blackwell 
et al. 1992). Both STs and STl are present on distal flagellomeres (Blackwell et al. 1992) but 
Dyce (1987) expressed difficulty in distinguishing STl and STs using light microscopy and 
this, combined with the inherent difficulty of counting STs on distal flagellomeres, might 
explain why they have not been used extensively in descriptions. 
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In summary, six forms of sensilla are now recognized on the antenna of Culicoides (Fig. 
1.10). Their nomenclature has been stabilised following the standards suggested by Wirth & 
Navai (1978). 
 
Figure 1.10. Flagellomere of female of Culicoides illustrating the six basic forms 
of sensilla. 
 1.6.3 Morphological characters used to define subgeneric 
groupings 
As pointed out by Borkent & Grogan (2009), the subgeneric classification of Culicoides 
is based entirely on an overall similarity and the sharing of a range of morphological 
characters of untested phylogenetic significance. A range of such characters have been 
historically used to define subgenera and species groupings. The type of morphological 
characters used have, like those used in species descriptions, changed as more species have 
been described. The earliest subgeneric descriptions were very broad and many of the 
characters used as synapomorphies have since been discredited. Consequently, some 
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subgenera have been used as a “dumping ground” to accommodate species that do not readily 
fit into other subgenera (Wirth & Dyce 1985). For example, C. subgen. Oecacta was 
originally described by Poey (1853) with the primary grouping character being the dark apex 
of cell R2 - this character is currently exhibited by 16 valid subgenera and is variably present 
in a further three subgenera. The current status of C. subgen. Oecacta is confused and its 
limits appear to change with each revision produced. 
The characters most commonly used to define subgeneric groupings include male 
genitalia, particularly the shape of the parameres and in the female the number and form of 
the spermathecae, wing patterning and the distribution of SCo on the antenna. Recent studies 
have however, indicated the usefulness of including a broader range of antennal sensilla 
characters in defining species groups and subgenera (Meiswinkel & Dyce 1989; Dyce & 
Meiswinkel 1985; Dyce & Wirth 1997) and this format is the one that should be adopted in 
future revisions.	  
 1.7	  Molecular	  identification	  
While the use of DNA analysis has been used to assist with the identification of insects 
and other organisms from the 1980’s (Essop et al. 1988; Curran 1990), the proposal of using 
a standard DNA region, termed “DNA barcoding” by Hebert et al. (2003), enabled workers 
to identify specimens using previously published data. Additionally, molecular taxonomy 
(Tautz et al. 2003) sparked interest in the routine use of DNA to assist with identification of 
species and systematic placement of taxa. While the use of DNA techniques has no doubt 
made enormous contributions to our understanding of species limits and enabled testing of 
systematic hypotheses proposed by morphologists, few studies have been allowed to operate 
in the absence of a structure based on traditional taxonomy (Meier 2009) and modern studies 
tend to use the “integrative taxonomy” model of Dayrat (2005) (Teletchea 2010). 
The concept of DNA barcoding is based on every species having a unique sequence of m-
DNA in the Cytochrome oxidase I (COI) gene (Hebert et al. 2003) although there are 
examples of multiple species sharing the same barcode (Meier et al. 2006; Hurst & Jiggins 
2005) and a single species having several different haplotypes (Nolan et al. 2008). The major 
objective of barcoding is to allow identification of described species and has the distinct 
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advantage of being independent of life stage. This is particularly cogent where taxonomic 
research is based on morphological characters present in a limited number of life stages, for 
example the genitalia of the adult male. Specimens from other life stages, for example 
immature or female specimens, are consequently rendered unidentifiable. The COI "barcode" 
region can also be used to recognise undescribed species, but usually in combination with 
other data. 
DNA taxonomy has proven extremely useful in determining species limits (e.g. Memon et 
al. 2006) and in recognizing “cryptic species” (Bickford et al. 2007) which are 
indistinguishable using morphology. 
 1.7.1	  DNA	  analyses	  of	  Culicoides	  
Tabachnick (1990; 1992) was the first to report the genetic analysis of a species of 
Culicoides. Using starch gel electrophoresis he used seven iso-enzymes to explore the genetic 
diversity of the various subspecies of C. variipennis. This work eventually led to the 
elevation of three subspecies to species level (Holbrook et al. 2000). 
The first attempt at using PCR technology to distinguish species of Culicoides was made 
by Raich et al. (1993) who found that tRNA was superior to randomly amplified polymorphic 
DNA in distinguishing three Nearctic species of Culicoides. More recently, genetic analyses 
using the COI, COII, 16S, ITS-1 and ITS-2 DNA regions and rapid amplified polymorphic 
DNA markers have been shown to be useful in distinguishing species of Culicoides that are 
difficult to separate morphologically. The majority of these studies have been undertaken in 
Europe and have concentrated on the two subgenera of greatest veterinary importance, C. 
subgen. Avaritia and C. subgen. Culicoides Latreille 1809 (Sebastiani et al. 2001; Linton et 
al. 2002; Dallas et al. 2003; Meiswinkel & Linton 2003; Pagés & Sarto I Monteys 2005; 
Gomulski et al. 2006; Mathieu et al. 2007; Nolan et al. 2008; Pagés et al. 2009). Data for 
species from a wider range of subgeneric groupings have also been generated using ITS-1 
(Perrin et al. 2006) and COI and COII (Matsumoto et al. 2009), indicating that these genes 
are likely to be useful in distinguishing species throughout the genus. Some of these studies 
have also revealed the existence of cryptic species (Pagés et al. 2009) and the need to 
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resurrect some species previous synonomised based on morphological data alone (Gomulski 
et al. 2006). 
The use of molecular techniques to test subgeneric groupings has received less attention, 
possibly because of the economic priority given to distinguishing vector species within 
morphologically similar groups, e.g., the Obsoletus and Pulicaris groups associated with 
bluetongue virus transmission in Europe. Sebastiani et al. (2001) and Linton et al. (2002) 
used sequences of the COI gene to propose a phylogeny of the Afrotropical members of the 
Imicola complex of C. subg. Avaritia whereas Gomulski et al. (2005) used the ITS2 gene to 
investigate relationships within the Obsoletus group of C. subgen. Avaritia. Perrin et al. 
(2006) investigated the phylogeny of French species of Culicoides from a range of subgenera 
and found good agreement between ITS-1 data and existing groupings that had been based on 
morphology and ecological factors. Matsumoto et al. (2009) however, could not correlate 
their COI+COII phylogenetic analyses of Japanese species with that provided from 
morphological analyses. 
Studies at the genus level of Ceratopogonidae are even fewer, with only a single study 
reported. Beckenbach & Borkent (2003) obtained equivocal results using the COII gene at the 
genus level within the Ceratopogonidae. Although their studies did enable separation of the 
the three species of Culicoides included in their dataset, these three species did not group 
together indicating that this gene is of limited usefulness in assessing the phylogeny of this 
family. Studies of other insect groups using nuclear markers, for example CAD, have 
however proven useful (e.g. Moulton & Wiegmann 2004; Regier et al. 2008; Wild & 
Maddison 2008; Almeida & Danforth 2009)	  and warrant study within the genus Culicoides. 
 1.8	  Species	  and	  subgeneric	  concepts	  adopted	  in	  this	  study	  
The species concept adopted herein is that of reproductively isolated taxa. Very few 
species of Culicoides have been successfully reared in laboratories, so mating choice studies 
etc, which have been used succesfully with many other insect groups, are not a practical 
means of assessing specific differences between populations of Culicoides. The range of 
morphological characters routinely used in species descriptions appears to be useful in 
defining species as good agreement is generally obtained when tested using molecular 
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analyses although the biological significance of several characters, particularly wing 
patterning, is yet to be clarified. The recent taxonomic treatment of species by Cornet, Dyce 
and their colleagues is heavily influenced by the morphology of the antenna of adult males 
and females. The premise behind this reliance of antennal sensory organs is that different 
species have different sensory requirements for finding hosts, breeding sites and mates and 
variations in these requirements are likely to be reflected in the arrangement of antennal 
sensory organs. Specimens exhibiting consistent differences in antennal sensory arrangement 
are consequently likely to have differing ecological requirements for locating hosts, breeding 
sites and/or mates which is indicative of being reproductively isolated species. 
Recent advances in molecular biology provide a further tool in delineating species limits, 
including under a concept of reproductively isolated species. In all cases so far reported, 
species defined using morphological characters have been shown to be reciprocally 
monophyletic by molecular analyses although genetic markers, especially COI, have 
occasionally indicated the possible existance of sibling species within what was assumed to 
be a single, morphologically variable species. These latter results indicate a need to 
incorporate molecular analyses into systematic studies of Culicoides although the capacity for 
a single species to possess a wide range of haplotypes requires that these data cannot be used 
in isolation to define species limits. 
Intraspecific variation is a problem in defining species limits whether using 
morphological or molecular techniques. The approach adopted herein is to include specimens 
from a wide range of geographic localities in order to capture as much of this variation as 
possible. The benefits are twofold. Firstly, inclusion of widely dispersed specimens is likely 
to detect any consistent differences between specimens that might indicate more than one 
species is involved. Secondly, inclusion of a wide range of intraspecific variability results in a 
more robust diagnosis and more accurate delineation of the species. 
Associating male and female morphs of Culicoides can be problematic and males and 
females of most species are typically associated by wing pattern but this is not possible for 
species with unpatterned wings. Specimens collected together or reared from the same 
substrate can be used to associate the different genders although molecular analyses are more 
reliable. Such analyses, however, require suitably preserved specimens and the bulk of 
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identified Culicoides material in collections is mounted onto slides and therefore unsuitable 
for such work. Where specimens are available for molecular analyses, a combination of 
morphology, COI and CAD analyses are used in this study to support species definitions and 
association of male and female specimens. 
While the use of antennal morphology has been shown to be useful in distinguishing 
species of Culicoides, its use in delineating higher taxa has not received as much attention 
although correlations between antennal sensilla arrangements and systematics have already 
been drawn (Cornet 1974; Meiswinkel & Dyce 1989). Unfortunately, antennal sensilla 
arrangement does not always agree with groupings based on male gentialia or wing 
patterning leading to considerable dissatisfaction with current systematic proposals and the 
reluctance of many workers to erect formal subgenera. Clearly the phylogenetic significance 
of these morphological characters requires testing and, based on studies with other insect 
groups, molecular analyses are a potential means of providing an independent means of 
testing proposed groupings. Molecular analyses using COI or COII have thus far not 
provided a satisfactory means of testing relationships within the Ceratopogonidae and, until 
appropriate tools have been developed, subgeneric groupings continue to be based on 
morphological characters. In this study, a combination of male and female genitalia, wing 
patterning, tarsal segment shape, palpal and antennal sensilla arrangements are used in 
defining subgeneric groups. Where available, molecular analyses are used to support 
proposed groupings although their usefulness is limited due to the lack of data from the full 
range of subgeneric groupings for use as outgroups. 
 1.9 Scope of this study 
The Culicoides fauna of Australasia is in need of revision. Almost half of the species 
recognised in collections, some of which are of considerable economic importance (Reye 
1992) are undescribed (Dyce 2001) and, at the start of this project, there were no tools to 
assist workers in recognising the species or subgeneric groupings represented. Additionally, 
complete descriptions including the full range of antennal sensilla of male and females was 
available for only 10 of the 146 species that had been described and many species have been 
described from only a single sex. DNA data (COI and COII) were available only for nine 
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Australasian species and these data were obtained from Japanese specimens which might 
prove to be different to populations in Australasia (e.g., Matsumoto et al. 2009).  
Prior to this study, 12 of the subgeneric groupings proposed by Dyce (2001) were 
undescribed. Additionally there had been no testing of the monophyly of these groups nor of 
the relationships between any of these groupings and the possible synonymy of these 
groupings with those from other regions was also unknown. 
While a full revision of all Australasian species of Culicoides is beyond the scope of this 
study, the following aims will be addressed: 
1. a synopsis of the fauna 
2. an aid to species identification 
3. Complete revisions, including the description of new taxa, of a diverse range of 
the subgeneric groupings represented in Australasia based on morphology and, 
where possible, DNA analyses.  
The species groupings to be treated include many species of economic concern as well as 
species commonly encountered by workers. It is hoped this work will assist workers to 
identify specimens and form a template for future taxonomic revisions of the genus. 
 
Chapter 2. 
 
Dyce, A.L., Bellis, G.A. & Muller, M.J. (2007) Pictorial atlas of Australasian 
Culicoides wings (Diptera: Ceratopogonidae). Australian Biological Resources 
Study, Canberra, 88 pp. 
This chapter addresses aims 1 and 2 of the thesis. Senior author, Alan 
Dyce, contributed 85% to the research and 50% to the writing and editing. 
Candidate, Glenn Bellis, contributed 7.5% to the research and 30% to the 
writing and editing. Author Michael Muller contributed 7.5% to the research 
and 20% to the writing and editing. 
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Abstract
This atlas presents 292 wing photographs of 145 described and 120 
undescribed species of Culicoides biting midges from the Australasian 
biogeographic region. Photographs of seven described species could not be 
obtained. For 16 species, photographs of intraspecific pattern variants are 
included, some of them rare in collections. No comprehensive key to the 
Australasian Culicoides fauna is currently available but this atlas provides 
a species checklist and guide to specific differences in wing patterns, 
venation and the distribution and form of macrotrichia. Morphometric data 
for described species are tabled to aid confirmation of the identity of slide-
mounted specimens. The practical application of this Atlas is enhanced by 
the inclusion of photographs of the recognised undescribed species that 
workers may encounter.
Dedicated to  
Ian Roper  
of the original McMaster Laboratory, CSIRO, 
in the grounds of the University of Sydney.
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Introduction
Culicoides is the most diverse of the 32 genera of Ceratopogonidae or ‘biting 
midges’ recorded in the Australasian Region. These biting midges can be an 
economic problem as pests of humans and livestock, some as vectors of viruses. 
Accurate identification of Culicoides species can be crucial in vector competence 
studies because the vectorial efficiency for a given virus can vary dramatically 
between closely related and similar species. It is also a prerequisite for study of 
pest species, so that life cycles can be clearly understood with a view to possible 
control or minimisation of pest problems.
Definitive diagnosis both of species and of higher taxa is made mainly on the 
basis of head, spermathecae, and male genitalic features. Wing character states, 
however, are widely used for preliminary sorting of collections, and in species 
diagnoses and keys. They are often useful, too, in separating higher taxa (Wirth 
et al. 1985, 1988; Wirth & Hubert 1989). 
This Atlas brings together for the first time a comprehensive presentation of wing 
pattern illustrations of the Australasian species of Culicoides, both described and 
undescribed, along with measurements of a range of taxonomic characters of 
the females. Taxa are assembled within a framework of subgenera and species 
groups. In the future, various molecular and other as yet undeveloped techniques 
may be used to fine-tune identification of the species, but this publication will 
serve as a sound foundation for studies of this important group. A forthcoming 
publication will substantiate the species groupings adopted (Dyce et al., 
in prep.).
Culicoides	feeding	behaviour
Biting midges are well known to humans living near sandy estuarine and foreshore 
areas and mangrove swamps, especially in tropical and subtropical regions. As well 
as causing gross annoyance and the generation of allergic response, Culicoides 
species worldwide are proven vectors of a wide range of arboviruses, protozoa and 
filarial worms. 
Tiny though they are (body length ranging from less than 1mm – 2.5 mm), mass 
feeding attacks by Culicoides on man, livestock and wildlife species cause extreme 
host discomfort. Kettle (1962) states: ‘One midge can be an entomological 
curiosity, a thousand can be hell!’ In an Australian context, Reye (1964) noted 
the ‘abrupt fall in morale and the strong desire to be elsewhere which they 
engender is difficult to convey to those who have not experienced them’. Within 
the Australasian Region, no disease organism is known to be transmitted by 
Culicoides species to humans, however hypersensitivity and allergic reactions are 
commonly experienced following repeated feeding attacks. Fortunately, only a 
small number of the species recorded from the Australasian Region avidly attack 
humans and the larval habitats of these species are mainly restricted to the 
seashores and estuaries subject to tidal influence. Major pest species are confined 
to three species groups: viz the Ornatus group [C. marmoratus (Skuse), C. ornatus 
Taylor, C. longior Hagan & Reye, C. belkini Wirth & Arnaud and C. peliliouensis 
76
	 Pictorial	Atlas	of	Australasian	Culicoides	Wings
Tokunaga], Molestus group [C. subimmaculatus Lee & Reye, C. molestus (Skuse) and 
one undescribed species] and Victoriae groups [C. multimaculatus Lee & Reye and 
C. victoriae Macfie]. It is quite remarkable that human attack by Culicoides species 
across the vast inland tracts of Australia is rare, even though large populations of 
mammal-feeding species are commonly abundant.
Riek (1953) first attributed an allergic dermatitis in horses in Queensland to mass 
feeding attacks of C. brevitarsis and named it ‘Queensland itch’. Similar syndromes 
have been observed following attack by several other species elsewhere in the 
world where the reaction is known variably as ‘sweet itch’ and ‘Queensland itch’ 
(Linley 1985).
Culicoides	and	disease	transmission
Relevant reviews are those of Kettle (1965), Braverman and Galun (1973), Linley 
et al. (1983) and Wirth and Hubert (1989). Mellor et al. (2000) list more than 50 
arbovirus entities isolated from Culicoides species worldwide although only one of 
these, Oropouche virus, is associated with a clinical syndrome in humans (Pinheiro 
et al. 1981, 1982, 2004; Linley et al. 1983). It is as vectors of viruses in livestock, 
however, that Culicoides attract special attention. Species in the genus are proven 
vectors of a number of pathogenic viruses including bluetongue, African horse 
sickness, epizootic haemorrhagic disease, equine encephalosis and teratogenic 
viruses, including Akabane and Aino (Mellor et al. 2000).
While little work has been reported from most of the Australasian Region, Doherty 
et al. (1972, 1973, 1978), St George et al. (1978), Standfast & Dyce (1982) and 
Standfast et al. (1984) reported the isolation of a number of arboviruses from a 
range of Australian Culicoides species. Following studies on the host range of these 
Culicoides species by Muller et al. (1981), Standfast et al. (1984) and Dyce (1989) 
outlined two distinct virus-host-vector systems present in Australia. One involves 
indigenous viruses, hosts and vector species and the other involves introduced 
livestock species and viruses and vectors; the latter are likely to have arrived as 
aerial plankton from nearby South-east Asia (Dyce 1982; Gard & Melville 1989).
Economic	impact
Accurate figures on the economic impact of Culicoides species on people and 
livestock enterprises are difficult to establish. Tabachnick (1996) quoted that 
‘the US livestock industry has suffered estimated annual losses of $125 million 
because of lost trade in cattle, sheep, or their germplasm’. According to Purse et al. 
(2005a), ‘… it has been estimated that BTV causes losses of US $3 billion a year to 
trade in animals and animal products’. This estimate, however, predates the recent 
dramatic expansion of bluetongue virus activity into eastern and northern Europe 
(Purse et al. 2005b; OIE, Disease Information). Additional to the direct costs due 
to animal losses are the costs of restrictions on local and international trade in live 
animals and germ plasm and the associated quarantine holding periods. There are 
no comparable estimates of costs within the Australasian Region.
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The economic impact of Culicoides due to human attack is also largely unknown. 
Anecdotal evidence of the socio-economic impact of C. impunctatus Goetghebuer in 
the Scottish Highlands was recorded by Hendry (2004). In some coastal Australian 
habitats, Culicoides species have always been a human pest problem. However, 
a major increase in population and tourism in recent years has exacerbated 
the problem, with the development of areas for human habitation adjacent to 
pestilent Culicoides midge habitat. In some areas, new breeding habitat has been 
created by environmental disturbance. In the Hervey Bay region of Queensland, it 
is estimated that C. ornatus has led to gross reduction in residential property value 
in the order of at least A$25 million (Ratnayake et al. 2006).
In Australia, promising gains towards the control of major human pest species are 
emerging. Whelan (2003) published a comparative evaluation of available methods 
for the control of C. ornatus in Darwin, Northern Territory, while Standfast et al. 
(2003) obtained a beneficial impact from the use of barrier sprays for the control 
of C. ornatus females dispersing towards human habitation in south-eastern 
Queensland. Similar studies are investigating control of C. molestus, C. marmoratus 
and an undescribed Molestus group species in Queensland (Butterworth 2004).
Origins	of	the	Australasian	Culicoides	fauna
Compelling evidence based on comparative morphology and systematic 
relationships indicates that the Culicoides of the Australasian Region are derived 
from basic Gondwanan stock that entered the region via two routes (Dyce 2001). 
A major stream came in passage with Australia and New Caledonia when they 
separated from Antarctica. Elements of that Australian component crossed to New 
Guinea and there is evidence that the New Caledonian component contributed to 
the present day faunas of some island groups in the South Pacific. New Zealand 
rifted independently from Antarctica and, interestingly, is the only major island 
group in the South Pacific lacking Culicoides biting midges.
Distinctive traits of Gondwanan taxa are also evident in a second integration of 
Culicoides species which originated from the Indian subcontinent and subsequently 
migrated south and east through South-east Asia and into Australia and New 
Guinea (Dyce 1982, 1989, 2001; Bellis & Dyce 2005). 
A single species, C. loughnani Edwards (Subgenus Drymodesmyia Vargas), 
was inadvertently introduced to Australia with plant materials imported from Central 
America during the prickly pear (Opuntia species) control program (Dyce 1969a).
Systematic	history
Taxonomic description of Culicoides of the Australasian Region began with 
Skuse (1889) and advanced slowly during the subsequent 50 years with several 
authors (de Meijere 1906, 1907, 1909; Keiffer 1910, 1917, 1921a, 1921b; Taylor 
1913, 1918; Macfie 1925, 1933a, 1933b, 1939, 1941, 1946; Goetghebuer 1932) 
describing some relevant species based mostly on limited series of specimens. 
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More comprehensive studies reviewed the fauna of Micronesia (Tokunaga & Esaki 
1936; Tokunaga 1940a, 1940b, 1940c, 1941; and Tokunaga & Murachi 1959), 
Polynesia (Wirth & Arnaud 1969) and New Guinea (Tokunaga 1959, 1960, 1962, 
1963, 1976). A number of Australian and New Guinean species were described 
by Lee and Reye (1953, 1955, 1963), Kettle et al. (1979), Dyce (1996), Dyce 
and Meiswinkel (1995) and Dyce and Wirth (1997), but as yet no revision of the 
Australian fauna has been undertaken.
The systematics of the genus Culicoides were clarified by erection of a number of 
subgenera which are represented in Australasia (Wirth & Hubert 1959; Wirth  & 
Hubert 1989; Dyce & Meiswinkel 1995; and Dyce & Wirth 1997). Debenham 
(1978) published a monumental bibliographical review of published literature 
on the Ceratopogonidae of the Australasian Region. This work included reviews 
of the biology, behaviour and distribution of described Culicoides species, plus 
Debenham’s (1989) revised systematic classification.
Format	and	treatment
The format of this Atlas follows, in general, that of Wirth et al. (1985, 1988). The Atlas 
includes a total of 292 wing images, representing 145 described species, and 120 
undescribed species, the latter lodged in the Australian National Insect Collection 
and identified by the senior author. The wing images of the undescribed species 
are included to extend the practical value of the Atlas and also to emphasise the 
current backlog in taxonomic coverage of the regional fauna. 
Wing images of seven species that are described from the Region are not included. 
These are Culicoides australiensis (Kieffer), C. meijerei Kieffer, C. xanthoceras 
Kieffer, C. flavidorsalis Tokunaga, C. pallidizonatus Tokunaga, C. palauensis 
Tokunaga and C. trizonatus Tokunaga. The three Kieffer species are problematic 
— they have not been identified in collections since their publication and their type 
series are reported by Debenham (1978: xii) as ‘destroyed by fire in 1956’. The 
wings of specimens of the four Tokunaga species are unsuitable for photography. 
Data captions for these seven species are included (see wings Nos 293–299).
For some described species that are widespread and abundant, two or more 
wings are shown to draw attention to the subtle degrees of perceived intraspecific 
wing variation.
The systematic arrangement (Dyce, in litt.) follows Wirth and Hubert (1989), 
as applied to the contiguous Culicoides fauna of South-east Asia. Defined 
subgenera and natural species groups are presented in alphabetical order without 
phylogenetic inference. Within each systematic group, species are aligned 
according to similarity of wing pattern to assist direct comparison of similarly 
patterned wings. Morphometric data are presented in the Table on pp. 12–16 to 
aid specific confirmation of described species.
All wing images shown are numbered individually in sequence in their appropriate 
subgeneric groupings and are listed according to that number in the Species 
Index. Subgenera and natural species groups are indexed separately, but similarly, 
according to wing number.
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A relevant data caption is included adjacent to each numbered image. For described 
species the following information is given:
species name;
author(s);
primary literature reference, including year of publication, date and page 
number;
geographical origin of type series;
for species validated in a genus other than Culicoides, the name of that 
genus is noted;
synonyms are listed;
the repository of the of the specimen photographed is given, followed 
by the collection data — locality, method of collection, collector’s name, 
individual wing length (WL), and known distribution in the Australasian 
Region.
Undescribed taxa are denoted by a bold hatch symbol (#), and in addition to 
the index reference number, are sequentially numbered as ‘Undescribed sp’ 
within their accorded subgeneric grouping (e.g. #Ornatus gp Sp No 9). For these 
taxa, collection data, individual wing length and known distribution within the 
Australasian Region are also given. 
For the purposes of this Atlas, the Australasian Region is defined as encompassing 
Micronesia to the north and French Polynesia in the east Pacific, and extending 
westward to Weber’s line (including the Aru Islands and the Indonesian provinces 
of Papua and Irian Jaya Barat but excluding the Moluccas, Sulawesi and the Lesser 
Sunda Islands). Names of islands follow the Reference Map of Oceanea, published 
by University of Hawaii Press, Honolulu — cartography by James A. Bier (undated). 
The New Guinea subregion is noted as three sectors: East Papua (Papua New Guinea 
main island); Bismarck Archipelago (New Ireland, New Britain, Bougainville and 
associated small islands); and West Papua (Indonesian New Guinea).
The index lists all species names applied to Culicoides in literature on the 
Australasian fauna, and synonymies follow Borkent and Wirth (1997).
Methods
The measurements and ratios of female characters given in Table I are derived as 
follows: the wing length (WL) is measured from the basal arculus to the wing tip 
and is expressed in mm; the costal ratio (CR) is the length of the costa measured 
from the basal arculus to the tip of the second radial cell divided by the wing 
length. The antennal ratio (AR) is the combined lengths of the distal five segulae 
(distal flagellar segulae XI–XV) divided by the combined lengths of the preceding 
eight segulae (basal flagellar segulae III–X). The antennal sensillar pattern (ASP) 
refers to the presence of sensilla coeloconica that occur distally on some or all of 
segulae III–XV of the flagellum. The palpal ratio (PR) is the greatest length of the 
third palpal segula divided by its greatest width. The proboscis/head (P/H) ratio is 
obtained by dividing the length of the proboscis from the torma to the tip of the 
labrum-epipharynx by the distance from the interocular hair socket to the torma. 
1.
2.
3.
4.
5.
6.
7.
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Illustrations of these morphological characters are available in Blanton and Wirth 
(1979), Downes and Wirth (1981) and Wirth and Hubert (1989).
All wing photographs were prepared from slide-mounted specimens. Two hundred 
and eighty-one were taken using film photographic techniques described by 
Wirth et al. (1988). Photographs of the remaining 11 species were taken on a 
LEICA DC300 digital camera using Leica DC Twain® version 5.1.10 software 
with the shading correction tool set to compensate for uneven lighting. Several 
photographs of each wing were taken at differing focal planes and these were 
montaged using LEICA IM1000® multifocus software version 1.20 release 19 to 
produce a single image with all parts of the wing in focus. Images were taken at 
2592 x 1944 resolution and saved in TIFF format.
Film photographic negatives and glass-mounted photographic negatives were 
scanned with an Imacon Flextight 949 at a resolution of 400 dpi at reproduction 
size. Both master scans and digital photographs were then taken into Adobe 
Photoshop version CS2® where the background was removed leaving only the 
wing. Any physical damage or artefacts were repaired or removed. Finished files 
were saved as grey scale in TIFF format.
Abbreviations
Repositories and Laboratories
ANIC Australian National Insect Collection, Canberra, Australia
BMNH British Museum of Natural History, London, England
BPBM Bernice P Bishop Museum, Honolulu, Hawaii, USA
CSIRO Commonwealth Scientific Industrial and Research Organisation
Kyoto Faculty of Agriculture, Kyoto Prefectorial University, Kyoto, Japan
USNM United States National Museum, Washington D.C., USA
Collection data
Ils  Islands, e.g. Solomon Ils (39)*
LT Light trap (2)
Mts Mountains (27)
na individual wing length not available 
nr near (28)
R River (86)
Ra Ranges (95)
Stn Pastoral Station (16)
TT Truck trap (3)
WL Wing Length (1)
# Undescribed species (8)
*Bracketed number indicates first usage in data captions.
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Table	of	numerical	characters	 [*undescribed	species	not	included]
No Species Wing 
Length 
(mm)
Costal 
Ratio
Antennal 
Ratio
Antennal 
Sensillar 
Pattern
Palpal 
Ratio
P/H 
Ratio
Subgenus Avaritia
Actoni complex
1 C. actoni 0.70 0.57 1.13 3,(11)12–15 2.40 0.85
2 C. minimus 0.62 0.56 1.07 3,13–15 2.20 0.82
Boophagus complex
3 C. boophagus 0.96 0.63 1.06 3,11–15 2.40 0.71
4 C. wadai 0.81 0.61 1.08 3,11–15 2.10 0.65
Imicola complex
5 C. brevipalpis 0.90 0.60 1.20 3,11–15 2.30 0.81
6 C. brevitarsis 0.77 0.55 1.17 3,12–15 2.20 0.68
7 C. nudipalpis 0.84 0.57 1.15 3,12–15 2.20 0.69
Jacobsoni complex
9 C. jacobsoni 0.86 0.64 1.03 3,11–15 2.40 0.85
Orientalis complex
11 C. dikhros 0.91 0.64 1.16 3,5,7,9–15 2.10 0.70
18 C. dumdumi 0.71 0.62 1.23 3,11–15 2.20 0.75
17 C. flavipunctatus 0.76 0.61 1.30 3,11–15 2.10 0.80
12 C. fragmentum 0.91 0.63 1.17 3(5–6)7(8)9(10)11–15 2.10 0.66
16 C. fulvus 0.71 0.60 1.18 3,11–15 2.40 0.86
20–21 C. obscurus 0.79 0.62 1.22 3,11–15 2.20 0.80
14 C. orientalis 0.84 0.64 1.16 3,11–15 3.00 0.88
15 C. tainanus 1.10 0.61 1.10 3,11–15 2.90 0.89
Subgenus Drymodesmyia
23 C. loughnani 1.23 0.56 1.20 3–15 2.60 0.96
Subgenus Haemophoructus
Maculipennis complex
24 C. calcaratus 1.34 0.70 1.25 3,7,9,11–15 3.30 0.75
25 C. maculipennis 1.58 0.71 1.36 3–5,7,9–15 3.80 1.00
Gymnopterus complex
26 C. gemellus 1.20 0.72 1.21 3,11–15 3.70 0.90
27 C. gentilis 1.69 0.73 1.15 3,11–15 5.40 1.00
28 C. nitens 1.80 0.78 1.09 3,11–15 5.00 1.10
Subgenus Hoffmania
34 C. effusus 1.15 0.68 1.07 3,11–15 2.60 0.62
40 C. jimmiensis 1.22 0.68 1.22 3,11–15 4.38 0.83
35 C. novaguineanus 1.15 0.71 1.02 3,11–15 3.10 0.69
39 C. orestes 1.26 0.69 0.92 3,11–15 3.00 0.65
36 C. parabubalus 1.12 0.69 1.10 3,11–15 2.90 0.81
33 C. peregrinus 1.14 0.63 1.18 3,11–15 2.90 0.92
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No Species Wing 
Length 
(mm)
Costal 
Ratio
Antennal 
Ratio
Antennal 
Sensillar 
Pattern
Palpal 
Ratio
P/H 
Ratio
41 C. sumatrae 1.06 0.68 1.11 3,11–15 2.90 0.85
Subgenus Meijerehelea
45 C. arakawae 1.11 0.60 1.52 3–14 2.50 0.95
43 C. guttifer 1.03 0.63 1.29 3–5(6–10)11–14 2.20 0.88
44 C. histrio 0.91 0.60 1.37 3–14 2.30 0.79
Subgenus Remmia
47–49 C. oxystoma 0.96 0.53 1.03 3,8–10 2.10 0.67
Subgenus Tokunagahelea
52 C. geocheloneoides 0.94 0.64 1.41 3,13–15 1.89 1.33
51 C. mikros 0.77 0.64 1.35 3,13–15 3.31 1.12
50 C. pygmaeus 0.73 0.61 1.36 3,13–15 3.20 1.05
Subgenus Trithecoides
Anophelis complex
55 C. anophelis 1.01 0.69 1.00 3,11–15 2.10 0.38
53 C. baisasi 0.86 0.69 0.98 3,11–15 1.90 0.50
54 C. culiciphagus 0.97 0.70 0.99 3,11–15 2.30
Flavescens complex
56 C. flavescens 0.98 0.71 1.14 3,11–15 2.70 0.50
Macfiei complex
58 C. barnetti 0.87 0.73 0.86 3,11–15 2.60 0.57
57 C. palpifer 0.80 0.69 0.98 3,11–15 1.90 0.51
Raripalpis complex
60 C. gewertzi 0.93 0.69 0.96 3,11–15 1.80 0.61
Subgenus unplaced, Antennalis group
63 C. antennalis 1.34 0.65 0.83 3,11–15 3.70 1.22
68–69 C. gladysae 0.86 0.63 1.07 3,11–15 2.30 0.75
70 C. mykytowyczi 1.22 0.66 1.08 3,(9),11–15 3.30 1.18
79 C. tripallidus 1.52 0.62 1.20 3,7,9,11–15 — —
Subgenus unplaced, Bancrofti group
83 C. bancrofti 1.63 0.71 0.90 3,11–15 4.90 0.95
84 C. hornsbyensis 0.97 0.63 1.25 3–15 2.60 0.76
Subgenus unplaced, Clavipalpis group
86 C. bunrooensis 0.98 0.56 0.87 3,(4),5–10 2.40 0.83
98 C. clavipalpis 0.71 0.57 1.22 3,(7),8–10 1.70 0.49
92 C. esakii 0.75 0.61 1.22 — — —
97 C. flavimaculinotalis 0.97 0.59 1.29 — — —
116 C. hyalinus 0.96 0.65 1.15 3, 5–10 1.30 0.57
95 C. inflatipalpis 0.75 0.61 0.93 3,8–10 2.30 0.87
117 C. insulanus 0.61 0.58 1.27 3,8–10 1.50 0.51
103 C. marginalis 0.91 0.58 1.15 3–10 1.90 0.69
91 C. monothecalis 0.78 0.64 1.45 3,5–10 1.90 0.70
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No Species Wing 
Length 
(mm)
Costal 
Ratio
Antennal 
Ratio
Antennal 
Sensillar 
Pattern
Palpal 
Ratio
P/H 
Ratio
89 C. notatus 1.02 0.62 1.44 3,(4,5,6),7–10 2.00 0.72
101 C. parviscriptus 0.80 0.59 0.92 3,(4,5,6),7–10 1.60 0.51
85 C. perornatus 0.98 0.64 1.44 3,(6),7–10 1.90 0.49
94 C. platiradius 0.84 0.63 1.29 3,(5),(7),8–10 2.00 0.73
113 C. yoshimurai 0.65 0.58 1.15 3,(7),8–10 1.50 0.65
Subgenus unplaced, Coronalis group
119 C. coronalis 0.94 0.66 1.22 3,7–10 1.80 0.73
Subgenus unplaced, Costalis group
Costalis complex
121 C. costalis 1.56 0.69 — — 5.60 0.70
122 C. polynesiae 1.55 0.67 1.47 3, (4, 7–9)11–15 4.25 0.73
Novairelandi complex
127 C. novairelandi 1.02 0.66 1.25 3,11–15 2.90 0.64
Subgenus unplaced, Immaculatus group
129 C. agas 1.11 0.64 1.19 3,(4),5,(6),7–12 2.70 0.79
130 C. immaculatus 0.88 0.60 1.00 3–10 2.70 0.99
Subgenus unplaced, Kusaiensis group
134 C. ardentissimus 1.50 0.60 — — — —
135 C. kusaiensis 0.82 0.66 1.39 3,5,7,9,11–14 2.20 0.80
136 C. leei 0.85 0.66 1.10 3,(4),5,(6),7,9,11–14 2.30 0.72
Subgenus unplaced, Marksi group
142–143 C. dycei 0.52 0.55 0.92 3, (8–10), 11–15 1.75 0.70
137–138 C. marksi 0.64 0.55 1.05 3, (10), 11–15 2.27 0.73
139 C. parvimaculatus 0.77 0.55 1.03 3, 11–15 2.08 0.72
144 C. pseudostigmaticus 0.44 0.59 0.94 3, 11–15 2.52 0.84
Subgenus unplaced, Melanesiae complex
145 C. leanderensis 0.74 0.57 1.10 3,(4),5,7,(8),9,(10),11–15 2.00 0.62
146 C. melanesiae 0.94 0.62 0.91 3,(5),(7),(9),11–15 3.60 0.89
Subgenus unplaced, Molestus group
159 C. cancrisocius 1.22 0.66 1.59 3–10 3.00 0.81
150 C. molestus 0.87 0.64 1.00 3,7–10 2.40 0.88
156 C. subimmaculatus 1.09 0.61 1.10 3,5(6)7–10 2.50 0.82
151 C. submagnesianus 0.87 0.61 0.94 3,7–10 2.00 0.59
Subgenus unplaced, Ornatus group
181 C. belkini 1.11 0.61 1.13 3–14 2.90 0.79
167 C. circumbasalis 0.99 0.63 1.12 3–14 2.10 0.84
160–161 C. cordiger 1.05 0.63 1.71 3–15 1.90 0.59
186 C. flumineus 0.94 0.62 1.25 3–14 2.40 0.80
166 C. hollandiensis 0.90 0.64 0.97 3,(4–6),7–9,(10),11–14 2.30 0.87
179 C. longior 0.97 0.60 1.25 3,4,(5–10),11–15 2.60 0.87
168 C. marmoratus 1.22 0.65 1.16 3,(4–5),6,(7–10),11–14 2.50 0.83
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173 C. mollis 0.88 0.65 1.38 3–9,11–14 2.20 0.84
178 C. ornatus 0.97 0.59 1.26 3,(4–11),12–14 2.30 0.90
182 C. pampangensis 0.99 0.63 1.45 3–14 2.50 0.87
175 C. pangkorensis 1.18 0.57 1.25 3–9,(10),11–14,(15) 2.00 0.75
170 C. papuensis 0.96 0.64 1.36 3–15 2.10 0.60
187 C. paragarciae 0.88 0.62 1.25 3–14 2.02 0.64
177 C. peliliouensis 1.01 0.63 1.11 3,(4–6),7–9,(10),11–15 2.40 0.67
172 C. quaterifasciatus 0.99 0.67 1.26 — — ~0.33
185 C. sabroskyi 1.08 0.62 0.87 — — 0.55
174 C. samoaensis 1.08 0.61 1.43 3–14 2.30 0.80
Subgenus unplaced, Purus group
191 C. capricorniae 0.81 0.70 0.97 3,11–15 2.15 0.59
192 C. dubiosum (male) 0.88 — — — — —
189 C. elizabethae 0.79 0.66 1.25 3,11–15 2.95 0.83
188 C. purus 1.01 0.69 1.09 3–5,(6),(7),(9),11–15 2.30 0.63
190 C. queenslandae 0.77 0.72 0.90 3,11–15 1.86 0.59
Subgenus unplaced, Shermani group
194 C. ardleyi 0.86 0.61 1.09 3,7–10 2.00 0.69
202 C. dryadeus 0.91 0.61 0.94 3,11–15 2.20 0.75
201 C. geminus 0.87 0.60 1.15 3,11,(12),13–14 2.30 0.67
193 C. interrogatus 1.15 0.58 1.17 3,11–15 2.70 1.03
196 C. mackerrasi 0.98 0.61 0.83 3,(5),7,(8),9,11–14 2.70 0.80
200 C. marginatus 0.93 0.60 1.26 3,11–14 2.40 0.68
203 C. moreensis 0.77 0.61 0.96 3(4–5)(7)(9)11(12)13–14(15) 1.80 0.72
204 C. neomelanesiae 0.85 0.67 1.23 3,(6–8),(10),11–15 2.10 0.61
195 C. rabauli 1.21 0.58 1.35 3,(4),5,(6–10),11–15 2.40 0.87
199 C. shermani 0.93 0.60 1.05 3–7,(8),9,(10),11,(12),13–15 1.80 0.58
Subgenus unplaced, Victoriae group
231 C. bougainvillae 1.24 0.65 0.96 3,(7),8–9,(10),11–15 2.40 0.50
206–209 C. bundyensis 1.07 0.60 1.11 3,(5),(7–10),11–15 2.40 0.78
214 C. crassus 0.72 0.63 0.95 3,11–15 2.30 0.84
239 C. cuniculus 1.13 0.59 0.98 3,(9),11–15 2.30 0.86
293 C. flavidorsalis 1.28 0.71 0.98 3,11–15 2.30 0.59
220 C. fulbrighti 1.32 0.64 1.19 3,11–15 2.40 0.71
227–228 C. henryi 1.11 0.65 1.19 3,11–15 3.00 0.93
211 C. longiradialis 0.85 0.66 1.10 3,11–15 2.20 0.70
223 C. maculiscutellaris 1.60 0.70 1.16 3,11–15 2.00 0.64
229 C. magnipictus 0.84 0.66 1.17 3,11–15 2.70 0.77
232 C. mcmillani 1.03 0.59 1.09 3,(7),(9),11–15 2.90 1.17
236–237 C. multimaculatus 1.63 0.58 0.99 3,(7),(9),11–15 2.70 0.87
215 C. pallidothorax 0.94 0.61 1.06 3,(4–8),9,(10),11–15 3.00 0.93
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294 C. pallidizonatus 1.51 0.74 0.98 3,11–15 2.27 0.58
225 C. paulipictus — — — — — —
295 C. trizonatus 1.45 0.74 1.09 3,11–15 2.07 0.56
224 C. tritenuifasciatus 1.51 0.70 1.15 — — 0.60
240–249 C. victoriae 1.05 0.59 1.03 3,(5,7–9),11,(12),13–15 2.70 1.02
234 C. waringi 1.60 0.61 0.95 3,(11),12–13,(14),15 2.50 0.64
Subgenus unplaced, Williwilli group
250–251 C. austropalpalis 0.83 0.56 1.25 3–13 1.60 0.55
270 C. delfinadoae 0.77 0.60 1.34 3,10,12,14 1.80 0.65
258 C. flaviscriptus 0.70 0.62 1.40 3,10,14 1.60 0.55
286 C. murrayi 0.80 0.62 1.54 3,(6–9),10,12,14 2.20 0.61
280 C. narrabeenensis 0.91 0.61 1.57 3–10,12,14 1.80 0.55
253 C. nattaiensis 1.00 0.57 1.30 3, (5, 7, 8), 9, 10, 12, 14 1.50 0.60
271 C. neopalpalis 0.77 0.61 1.71 3,10,12,14 1.70 0.50
296 C. palauensis 0.77 0.62 1.18 — — 0.56
259 C. pallidimaculosus 0.79 0.61 1.59 3,10,12,14 1.70 0.58
261–262 C. petersi 0.75 0.60 1.67 3,10,12,14 1.60 0.50
252 C. pseudopalpalis 0.75 0.53 1.40 3–14 1.60 0.57
269 C. semicercum 0.79 0.60 1.45 3,(6),(8),10,12,14 1.70 0.53
285 C. sigmoidus 1.07 0.59 1.38 3,(4–6),7–14 1.90 0.66
288 C. smeei 0.92 0.62 1.61 3,10,12,14 2.30 0.60
267 C. williwilli 0.90 0.57 1.41 3,(5–6),7,(8),9–10,12,14 1.50 0.56
263 C. yasamatsui 0.82 0.61 1.60 3,(8–9),10,12,14 2.00 0.62
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minimus Wirth & Hubert 1989: 251 
(Malaysia)
Photo: (ANIC) Tortilla Flats, Northern Territory, 
LT March 1979, AL Dyce (WL 0.60)
Dist: Queensland, Northern Territory, Western 
Australia
2
wadai Kitaoka 1980: 14 (Japan)
Photo: (ANIC) Iron Range, North Queensland, 
LT 21 May 1980, P Hubers (WL 0.97)
Dist: New South Wales, Queensland, Northern 
Territory, Western Australia, West Papua
4
brevipalpis Delfinado 1961: 654 (Philippines)
Photo: (ANIC) Mudginberri Stn, Northern 
Territory 24 hr TT 3-4 Apr 1971, HA Standfast 
& AL Dyce (WL 0.77)
Dist: Northern Territory, West Papua
5
Imicola Complex Glick 1990: 118
1 actoni Smith 1929: 255 (India) (synonym: imperceptus Das Gupta 1962; okumensis 
Arnaud 1956: 119)
Photo: (ANIC) Kowanyama, Queensland, 
human bait 15 Oct 1972, BH Kay & EM Nevill 
(WL 0.73)
Dist: Queensland, Northern Territory, Western 
Australia, East Papua, West Papua, Bismarck 
Archipelago
Subgenus Avaritia Fox 1955: 218
Actoni Complex Wirth & Hubert 1989: 248
boophagus Macfie 1937b: 116 (Malaysia)
Photo: (ANIC) Danbulla State Forest, 
Tinaroo Dam, Queensland, TT 21 Apr 1977, 
HA Standfast & AL Dyce (WL 0.97)
Dist: Queensland, East Papua, West Papua, 
New Caledonia
3
Boophagus Complex Dyce (in Litt)
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# Avaritia sp No 2
Photo: (ANIC) Danbulla State Forest, 
Tinaroo Dam, Queensland, TT 25 Apr 1977, 
HA Standfast & AL Dyce (WL 0.93)
Dist: Victoria, New South Wales, Queensland
10
brevitarsis Kieffer 1917: 187 (Queensland) 
(synonyms: robertsi Lee & Reye 1953: 386; 
radicitus Delfinado 1961: 657; superfulvus 
Das Gupta 1962: 253)
Photo: (ANIC) Beatrice Hill, Northern Territory, 
biting water buffalo, 22 Mar 1976, D Spratt 
(WL 0.87)
Dist: New South Wales, Queensland, Northern 
Territory, Western Australia, East Papua, West 
Papua, Bismarck Archipelago, New Caledonia, 
Vanuatu, Fiji
6
# Avaritia sp No 1
Photo: (ANIC) Oro Bay, West Papua, biting on 
beach, Jul 1944, CB Phillip (WL 0.84)
Dist: West Papua
8
nudipalpis Delfinado 1961: 655 (Philippines)
Photo: (ANIC) Cape Tafara, 11 km SE Suai, 
Timor, LT 6 Aug 1969, D Nicholls (WL 0.84)
Dist: West Papua
7
jacobsoni Macfie 1934b: 215 (Indonesia, 
Sumatra) (synonyms: buckleyi Macfie 1937b: 
117; kitaokai Tokunaga 1955: 6; unisetiferus 
Tokunaga 1959: 236)
Photo: (ANIC) Danbulla State Forest, 
Tinaroo Dam, Queensland, TT 25 Apr 1977, 
HA Standfast & AL Dyce (WL 0.93)
Dist: Queensland, East Papua, West Papua, 
Bismarck Archipelago, Solomon Islands, 
Vanuatu
9
Jacobsoni Complex Dyce (in litt)
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fragmentum Tokunaga 1962: 507 (East 
Papua) (fuscous pattern fully expressed)
Photo: (BPBM Holotype E), Bubia, Lae, New 
Guinea, LT 8 Jan 1959, JH Ardley (WL 0.98)
Dist: East Papua, West Papua, Bismarck 
Archipelago, Solomon Islands
12
fragmentum (extreme pattern variant — 
fuscous areas reduced)
Photo: (ANIC) Gaulum, New Britain, LT 23 Oct 
1972, P Bailey (WL 0.93)
Dist: East Papua, West Papua, Bismarck 
Archipelago, Solomon Islands
13
orientalis Macfie 1932: 490 (syntypes 
Malaysia, India, Java; lectotype ‘Malay States’) 
(synonym: nayabasari Das Gupta 1963: 35)
Photo (ANIC) Maprik, East Papua, LT undated, 
W Peters (WL 0.87)
Dist: East Papua, West Papua, Bismarck 
Archipelago, Solomon Islands
14
tainanus Kieffer 1916: 114 (Taiwan) 
(synonyms: maculatus (Shiraki) 1913: 294 
([Ceratopogon] preoccupied by Atrichopogon 
maculatus (Lundström) 1910); kii Tokunaga 
1937: 284; sigaensis Tokunaga 1937: 322; 
kyotoensis Tokunaga 1937: 329; suborientalis 
Tokunaga 1951: 106)
Photo: (USNM) Japan, Kyoto Pref, Mindo 
pond, 28–29 Oct 1954, PH Arnaud et al. 
(det Kitaoka) (WL 1.05)
Dist: West Papua (record Sukarsih et al. 
1993:  04)
15
Orientalis Complex Wirth & Hubert 1989: 253
dikhros Tokunaga 1962: 507 (East Papua)
Photo: (ANIC) Urimo, East Papua, LT, 5–6 Dec 
1977, B Kadeu (WL 0.98)
Dist: East Papua, West Papua
11
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obscurus Tokunaga in Tokunaga & Murachi 
1959: 347 (typical vague pattern) (Palau) 
(synonym: pungens de Meijere 1909: 200 
preoccupied by Culicoides pungens Kieffer 
1901) 
Photo: (ANIC) Saltwater Creek, via Proserpine, 
Queensland, LT 15 Feb 1980, C Brennan & 
W Kinsella (WL 0.79)
Dist: Queensland, Northern Territory, Western 
Australia, East Papua, West Papua, Bismarck 
Archipelago, Solomon Islands
20
# Avaritia sp No 3
Photo: (ANIC) CPRS via Middle Point, 
Northern Territory, LT 27 Mar 2001, NT Hunt 
(WL 0.72)
Dist: Northern Territory, Timor
19
dumdumi Sen & Das Gupta 1959: 628 (India)
Photo: (ANIC) East Papua, Kuwi, LT 14 Sept 
1979, I Fanning (WL 0.74)
Dist: Queensland, East Papua, West Papua
18
fulvus Sen & Das Gupta 1959: 628 (India)
Photo: (ANIC) Northern Territory, Mudginberri 
Stn, 24 hr TT 3–4 Apr 1971, HA Standfast & 
AL Dyce (WL 0.81)
Dist: Northern Territory, Western Australia, 
(West Papua record by Sukarsih et al. 1993: 
204 needs confirmation, see Bellis & Dyce 
2005)
16
flavipunctatus Kitaoka 1975: 199 (Japan)
Photo: (ANIC) West Papua, Merauke, LT over 
cattle, 15 Feb 1989, HA Standfast (WL 0.71)
Dist: East Papua, West Papua
17
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# Avaritia sp No 4
Photo (ANIC) Kapuna, East Papua, LT 27 Aug 
1978, EN Marks (WL 0.83)
Dist: East Papua
22
Avaritia Species Unplaced to Complex
loughnani Edwards 1922: 165 (Jamaica)
Photo: (ANIC) Westwood, Queensland, bred 
ex Opuntia sp. rot pocket, Aug 1973, S Barker 
(WL 1.23)
Dist: New South Wales, Queensland 
(introduced from Central America in  
1920–30, see Dyce 1969: 648)
23
Subgenus Drymodesmyia Vargas 1960: 40
calcaratus Wirth & Hubert 1989: 157 
(Malaysia)
Photo: (ANIC) Mudginberri Stn, Northern 
Territory, link reared, 9 Apr 1971, AL Dyce 
(WL 1.26)
Dist: Northern Territory
24
Maculipennis Complex Wirth & Hubert 1989: 157
Subgenus Haemophoructus Macfie 1925: 349
obscurus (overt pattern)
Photo: (ANIC) Jacky Jacky Creek, Cape York 
Peninsula, Queensland, LT 19 Mar 1960, 
F Trueman (WL 0.79)
Dist: Queensland, Northern Territory
21
maculipennis (Macfie) 1925: 349 
(as Haemophoructus) (Singapore)
Photo: (ANIC) Giligan Is, Port Site, West Papua, 
resting indoors 0430–0530 7 May 1979, V Lee 
(WL 1.59)
Dist: West Papua
25
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gemellus Macfie 1934a: 192 (Malaysia)
Photo: (ANIC) Jama Village, Sepik Dist, East 
Papua, LT 26 Jul 1959, B McMillan (WL 1.17)
Dist: East Papua, West Papua
26
Gymnopterus Complex Wirth & Hubert 1989: 163
nitens Edwards 1933: 252 (Malaysia)
Photo: (ANIC) East Papua, Watabung nr 
Goroka, 200 m, 17 Oct 1957, Monroe & 
Holland (WL 1.80)
Dist: East Papua, West Papua
28
gentilis Macfie 1934a: 191 (Malaysia)
Photo: (BPBM) Archbold Lake, Central Mtns 
(760 m) West Irian, LT 26 Nov–3 Dec 1961, 
LS Quate (WL 1.65)
Dist: East Papua, West Papua, Bismarck 
Archipelago
27
# Haemophoructus sp. No 1
Photo: (ANIC) Kapuna, East Papua, LT 27 Aug 
1978, EN Marks (WL 1.20)
Dist: East Papua
29
# Haemophoructus sp. No 2
Photo: (ANIC) Bainyik, East Papua, LT 11 Mar 
1959, W Peters (WL 1.27)
Dist: East Papua
30
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Subgenus Hoffmania Fox 1948: 21
# Hoffmania sp. No 1
Photo: (ANIC) Umboi Is, East Papua, 1 km 
N Awelcom, 600 m, LT 21–28 Feb 1967, 
CA Samuelson (WL 1.40)
Dist: East Papua
32
peregrinus Kieffer 1910: 191 (India) 
(synonyms: judicandus Bezzi 1916: 8; 
esmoneti Salm 1917: 136; philippinensis 
Kieffer 1921a: 564; assamensis Smith & 
Swaminath 1932: 183; quadratus Tokunaga 
1951: 108; lungchiensis Chen & Tsai 1962: 
397; megaforticeps Kitaoka 1973: 212)
Photo: (ANIC) Mudginberri Stn, Northern 
Territory, 24 hrs TT 3–4 Apr 1971, 
HA Standfast & AL Dyce (WL 1.17)
Dist: Northern Territory, Western Australia, 
East Papua, West Papua
33
effusus Delfinado 1961: 658 (Philippines)
Photo: (ANIC, Paratype E) Tagum, Davao, 
30 May 1956, B. Fontanilla (WL 1.15)
Dist: West Papua [Sukarsih et al. 1993: 214]
34
31 # Haemophoructus sp. No 3
Photo (ANIC) Maprik, Sepik District, East 
Papua, LT Apr 1958, W Peters (WL 1.26)
Dist: East Papua
novaguineanus Tokunaga 1959: 223 
(West Papua)
Photo: (ANIC) Maprik, Sepik Dist, East Papua, 
Apr 1958, W Peters (WL 1.09)
Dist: Queensland, East Papua, West Papua
35
95
	 		 2
# Hoffmania sp. No 2
Photo: (BPBM) E end of Sarawagid Ra, East 
Papua, 20 km SSW Kabwum, LT 5–12 Aug 
1966, GW Samuelson (WL 1.78)
Dist: East Papua, West Papua
37
parabubalus Wirth & Hubert 1989: 224 
(Malaysia)
Photo: (USNM, Paratype E) Trengannu, 
Dungun Bukit Besi, LT 5 Aug 1958, R Traub 
(WL 1.12)
Dist: West Papua [Sukarsih et al. 1993: 214]
36
# Hoffmania sp. No 3
Photo: (ANIC) Fak Fak, Tembagapura, West 
Papua, LT 4–11 May 1979, VH Lee (WL 1.36)
Dist: West Papua
38
orestes Wirth & Hubert 1989: 222 (Malaysia)
Photo: (BMNH) Owen Stanley Ra, East Papua, 
2-270 m 1932, HOC Littlechild
(WL 1.27)
Dist: East Papua, West Papua, Solomon 
Islands.
39
jimmiensis Tokunaga 1959: 229 (East Papua)
Photo: (BPBM) Bakondini, 66 km N Baliem 
Valley, 1300 m, West Papua, LT 16–23 Nov 
1961, S & L Quate (WL 1.23) 
Dist: East Papua, West Papua, Solomon 
Islands
40
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histrio Johannsen 1946: 190 ( as var. of 
guttifer) (Guam) (synonym: mackayensis Lee & 
Reye 1953: 383)
Photo: (ANIC) Beatrice Hill, Northern Territory, 
LT 29 Sept 1971, AL Dyce & HA Standfast 
(WL 0.94)
Dist: New South Wales, Queensland, Northern 
Territory, East Papua, West Papua, Micronesia.
44
arakawae (Arakawa) 1910: 411 (as Ceratopogon 
arakawae) (Japan) (synonyms: sugimotonis 
Shiraki 1913: 286; alboguttatus Kieffer 
1921a: 563; shimai (Sasaki) 1928: 687 
[Ceratopogon]; daleki Smith & Swaminath 1932: 
185; micropunctatus Tokunaga 1951: 105; 
niigataensis Takahashi 1958: 115 (also recorded 
as arakawai but see Arnaud 1956: 94–95))
Photo: (USNM) Thailand, Chiengmai,  
LT Apr–May 1958, V Notananda (pattern 
lacking pale spot below septum of cells R1–R2, 
see Wirth & Hubert 1989: 415) (WL 1.10)
Dist: West Papua
45
# Hoffmania sp. No 4
Photo: (ANIC) Waa Baru, West Papua,  
LT 23–24 Sept 1979, VH Lee (WL 1.17)
Dist: West Papua
42
sumatrae Macfie 1934a: 190 (Malaysia) 
(synonyms: amamiensis Tokunaga 1937: 
325; kagiensis Tokunaga 1937: 327; ohmorii 
Takahashi 1958: 113; assimilis Delfinado 
1961: 660)
Photo: (ANIC) Danbulla State Forest, Tinaroo 
Dam, N Queensland, TT 22 Apr 1977, 
HA Standfast & AL Dyce (WL 1.04)
Dist: Queensland, East Papua, West Papua, 
Bismarck Archipelago, Solomon Islands.
41
guttifer (de Meijere) 1907: 209 
(as Ceratopogon) (Indonesia, Java)
Photo: (ANIC) Beatrice Hill, Northern Territory, 
LT 8–9 Dec 1974, DS Gibson & MJ Muller 
(WL 1.03)
Dist: Queensland, Northern Territory, East 
Papua, West Papua, Bismarck Archipelago
43
Subgenus Meijerehelea Wirth & Hubert 1961: 23
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pygmaeus Tokunaga 1963: 139 (West Papua)
Photo: (ANIC) Gizo Gizo, Solomon Ils, 0–44 m, 
Dec 1980, NLH Kraus (WL 0.77)
Dist: West Papua, Solomon Islands
50
Subgenus Tokunagahelea Dyce & Meiswinkel 1995: 131
arakawae (wing pattern variant — pale spot 
below septum cells R1-R2, see Wirth & Hubert 
1989: 415)
Photo: (USNM) N Borneo, Tambunan, at light 
Nov 1950, DH Colless (with common form of 
the species) (WL NA)
Dist: West Papua
46
oxystoma Kieffer (specimen illustrated in 
Tokunaga 1959: 211 from East Papua; pale 
areas markedly reduced, pale spot below cells 
R1 and R2 lacking)
Photo: (BPBM) Itouda, East Papua 1500 m, 
Wisselmerin, 12 Aug 1955, Gressitt (WL 1.13)
Dist: East Papua
49
oxystoma Kieffer (pale areas reduced)
Photo (ANIC) Beatrice Hill, Northern Territory, 
TT Village Run, 17 Jul 1975, DS Gibson 
(WL 0.90)
Dist: Northern Territory
48
oxystoma Kieffer 1910: 193 (pale areas 
expansive) (India) (synonyms: kiefferi Patton 
1913: 336; mesopotamiensis Patton 1920: 246; 
pattoni Kieffer 1921b: 7; housei Causey 1938: 
407; punctigerus Tokunaga 1951: 101; alatus 
Das Gupta & Ghosh 1956b: 162; also widely 
recorded, erroneously, as schultzei (Enderlein 
1908: 459) in Australian literature)
Photo: (ANIC) Mudginberri Stn, Northern 
Territory, link bred, 2 Apr 1971, AL Dyce 
(WL 0.89)
Dist: Northern Territory, Western Australia, 
East Papua, West Papua
47
Subgenus Remmia Glukhova 1977: 16
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baisasi Wirth & Hubert 1959: 12 (Philippines)
Photo: (USNM, Paratype E) Samar Taft, 
Philippines, 26 Nov 1955, I Balatbat (WL 0.95)
Dist: West Papua
53
Subgenus Trithecoides Wirth & Hubert 1959: 2
Anophelis Complex Wirth & Hubert 1989: 78
geocheloneoides Dyce & Meiswinkel 1995: 
140 (West Papua)
Photo: (ANIC, Holotype E) Waa Baru, West 
Papua, LT 23-24 Sept 1979, VH Lee (WL 0.83)
Dist: West Papua
52
mikros Dyce & Meiswinkel 1995: 136 
(East Papua)
Photo: (ANIC, Holotype E,) Urimo, East 
Papua, 5–6 Dec 1977, B Kadeu (WL 0.73)
Dist: East Papua, West Papua
51
culiciphagus Wirth & Hubert 1959: 11 
(Solomon Islands)
Photo: (ANIC) Maparajaya, West Papua, 
LT house nr river, 9–10 May 1979, VH Lee 
(WL 0.93)
Dist: West Papua
54
anophelis Edwards 1922: 161 (Malaysia/India)
Photo: (USNM, Lectotype E) Kuala Lumpur, 
Malaysia, parasite on Anopheles fuliginosus E, 
14 May 1920, WA Lamborn (WL 1.12)
Dist: ?Bismarck Archipelago (Laird 1946: 
151 — record from New Britain, Bismarck 
Archipelago, specimen lost, no subsequent 
record from Australasian Region)
55
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flavescens Macfie 1937b: 114 (Malaysia) 
(synonym: subflavescens Wirth & Hubert 
1959: 14)
Photo: (ANIC) Kuwi, East Papua, LT 14 Sept 
1979, I Fanning (WL 0.99)
Dist: East Papua, West Papua
56
Flavescens Complex Wirth & Hubert 1989: 78
palpifer Das Gupta & Ghosh 1956a: 122 
(India)
Photo: (ANIC) Du Urbari Village, East Papua, 
830 m, biting man, 12 Feb 1971, B McMillan 
(WL 0.81)
Dist: East Papua
57
Macfiei Complex Wirth & Hubert 1989: 78
gewertzi Causey 1938: 409 (Thailand)
Photo: (ANIC) Fak Fak, Mapurajaya, West 
Papua, LT nr forest, 22–23 Sept 1982, VH Lee 
(WL 0.99)
Dist: West Papua
60
Raripalpis Complex Wirth & Hubert 1989: 78
barnetti Wirth & Hubert 1959: 32 (Malaysia)
Photo: (ANIC) Kapuna, East Papua, LT 27 Aug 
1978, EN Marks (WL 0.88)
Dist: East Papua, West Papua
58
# Trithecoides sp No 1
Photo: (ANIC) Lae, East Papua, 16 July 1958, 
2000 h indoor light, B McMillan (WL 0.79)
Dist: East Papua, West Papua
59
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antennalis Lee & Reye 1953: 386 (typical 
pattern) (New South Wales)
Photo: (ANIC) Kanangra Walls, New South 
Wales in tent am, 17 Dec 1963, AL Dyce 
(WL 1.41)
Dist: Victoria, New South Wales, Queensland
63
Species unplaced to Subgenus
Antennalis Species Group Dyce (in litt)
# Trithecoides sp No 3
Photo: (ANIC) Lae, East Papua, LT Jul 1958, 
W Peters (WL 0.89)
Dist: East Papua
62 
# Trithecoides sp No 2
Photo: (ANIC) Lae, East Papua, LT 1958, 
W Peters (WL 0.84)
Dist: East Papua
61 
# Antennalis Gp sp No 1
Photo: (ANIC) Asquith, New South Wales, to 
sheep, 3 Aug 1962, AL Dyce (WL 1.33)
Dist: Victoria, New South Wales
65
antennalis Lee & Reye (reduced pale spots)
Photo: (ANIC) Colo Vale, New South Wales, to 
man 1815-1830 hrs, 6 Mar 1957, JH Calaby 
(WL 1.12)
Dist: New South Wales
64
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# Antennalis Gp sp No 3
Photo: (ANIC) Wongabel State Forest, 
N Queensland, LT (canopy) 26–28 Jan 1982, 
DS Gibson (WL 0.93)
Dist: Queensland
67
# Antennalis Gp sp No 2
Photo: (ANIC) Claudie River, Iron Range, 
N Queensland, LT 23–25 Jul 1978, 
K Sanderson (WL 0.90)
Dist: Queensland, East Papua
66 
gladysae Kettle, Elson & Dyce 1976: 173 
(Queensland)
Photo: (ANIC, Paratype E) Mt Glorious, bred 
ex tree crotch, coll 2 May 1973, DS Kettle & 
M Elson Harris (WL 0.83)
Dist: New South Wales, Queensland
68
gladysae (wing variant, more distinct 
marginal pale spots)
Photo: (ANIC) McCarrs Ck, New South Wales, 
link bred ex tree hole water, 4 Mar 1971, 
AL Dyce (WL 0.84)
Dist: New South Wales
69
mykytowyczi Lee & Reye 1963: 359 
(New South Wales)
Photo: (ANIC, Paratype E) Colo Vale, New 
South Wales, to man 1815–1830 hr, 6 Mar 
1956, E O’Sullivan (WL 1.30)
Dist: New South Wales, Queensland
70
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# Antennalis Gp sp No 4
Photo: (ANIC) Wongabel State Forest, 
N Queensland, LT (canopy) 18–19 Feb 1982, 
DS Gibson (WL 1.24)
Dist: Queensland
71 
# Antennalis Gp sp No 5
Photo: (ANIC) Bamaga, Cape York, 
Queensland, LT 29 Jan 1968, B Dew (WL 0.91)
Dist: Queensland
72 
# Antennalis Gp sp No 6
Photo: (ANIC) Danbulla State Forest, 
N Queensland, LT 6 Jun 1979, DS Gibson 
(WL 1.17)
Dist: Queensland
73 
# Antennalis Gp sp No 7
Photo: (ANIC) Bobbin Head ‘Kalkari’, New 
South Wales, ex wombat, 11 Oct 1963, 
AL Dyce (WL 1.02)
Dist: New South Wales
74 
# Antennalis Gp sp No 8
Photo: (ANIC) Crater State Forest, S of 
Atherton, N Queensland, LT 30 Mar–1 Apr 
1982, DS Gibson (WL 1.12)
Dist: Queensland
75
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#Antennalis Gp sp No 9
Photo: (ANIC) Nona Ck, Bamaga, Cape York, 
Queensland, LT Mar 1980, I Vela (WL 0.88)
Dist: Queensland
76
# Antennalis Gp sp No 12
Photo: (ANIC) Wabo, East Papua, 
LT 20 Aug 1978, EN Marks (WL 0.76)
Dist: East Papua
80
tripallidus Tokunaga 1959: 220 (East Papua)
Photo: (BMNH) Mt Tafa, East Papua 3500 m, 
1 Feb 1934, LE Cheesman (WL 1.40)
Dist: East Papua
79
# Antennalis Gp sp No 11
Photo: (ANIC) Kimbolton, Western Australia, 
LT 12 Oct 1979, R Swift (WL 0.84)
Dist: Western Australia
78
# Antennalis Gp sp No 10
Photo: (ANIC) Brockman Springs, Mudginberri 
Stn, Northern Territory, LT 22 Sept 1971, 
HA Standfast & AL Dyce (WL 0.84)
Dist: Northern Territory
77
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Bancrofti Species Group Dyce in litt
bancrofti Lee & Reye 1953: 387 (New South 
Wales)
Photo: (ANIC) Asquith, New South Wales, 
27 Sept 1972, MJ Muller (WL 1.76)
Dist: Victoria, New South Wales, Queensland
83
Clavipalpis Species Group Wirth & Hubert 1989: 364
perornatus Delfinado 1961: 651 (Philippines) 
(synonym: multinotatae Tokunaga 1962: 475)
Photo: (ANIC) Sio, East Papua, LT 13 Oct 
1960, B McMillan (WL 0.90)
Dist: East Papua, West Papua, Solomon 
Islands
85
# Antennalis Gp sp No 14
Photo: (ANIC) Chillagoe, N Queensland, 
Haunted Cave No 2, LT 1 Jan 1966, G Edwards 
(WL 1.19)
Dist: Queensland
82
# Antennalis Gp sp No 13
Photo: (ANIC) Tembagapura, West Papua, 
light in guest house 4–11 May 1979, VH Lee 
(WL 1.13)
Dist: West Papua
81
hornsbyensis Lee & Reye 1963: 361 
(New South Wales)
Photo: (ANIC, Holotype E) Hornsby, 
New South Wales, LT 25 Oct 1956, DJ Lee 
(WL 1.12)
Dist: New South Wales, Queensland, 
East Papua
84
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bunrooensis Lee & Reye 1955: 238 
(Queensland)
Photo: (ANIC) Hughenden Stn, Flinders River, 
Queensland, LT 26 Nov 1975, HA Standfast 
(WL 0.90)
Dist: New South Wales, Queensland, Northern 
Territory, Western Australia
86
# Clavipalpis Gp sp No 1
Photo: (ANIC) Mt Tozer, N Queensland, 
28 June 1986, T Weir & A Calder (WL 0.74)
Dist: Queensland
87
# Clavipalpis Gp sp No 2
Photo: (ANIC) 2 km W Cape Tribulation, 
N Queensland, LT site 4 6 Oct 1982, 
G Monteith, D Yeates & G Thompson 
(WL 1.02)
Dist: Queensland
88
notatus Delfinado 1961: 648 (Philippines) 
(synonym: papuae Tokunaga 1962: 481
Photo: (ANIC) Innisfail, N Queensland, 
LT 12 June 1963, HA Standfast (WL 1.03)
Dist: Queensland, East Papua, West Papua, 
Solomon Islands
89
# Clavipalpis Gp sp No 3
Photo: (ANIC) 6.5 km from Suva, Fiji,  
LT 6–7 Dec 1968, M Gillet (WL 0.95)
Dist: Fiji
90
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monothecalis Tokunaga 1962: 509 
(East Papua)
Photo: (BPBM) Bubia, Lae, East Papua, 
LT 8 Mar 1959, J Ardley (WL 0.80)
Dist: East Papua, Bismarck Archipelago
91
esakii Tokunaga 1940a: 217 (Micronesia)
Photo: (BPBM) Kusaie, Caroline Ils, on Hill 
1020 at 300 m, LT 13 Apr 1953, JFG Clarke 
(WL 0.75)
Dist: Micronesia
92
# Clavipalpis Gp sp No 4
Photo: (USNM), same data as for No 92 above 
(this is a wing of a different species, mounted 
on slide with No 92 above, identified as 
C. esakii Tokunaga) (WL NA)
Dist: Micronesia
93
platiradius Tokunaga 1963: 128 (East Papua)
Photo: (ANIC) New Wau, West Papua, bush on 
hill above village, rainy, 4–5 May 1979, V Lee 
(WL 0.89)
Dist: East Papua, West Papua
94
inflatipalpalis Tokunaga 1963: 125 
(East Papua)
Photo: (BPBM, Holotype E) Saidor Village, 
Finnisterre Ra, East Papua, 22–29 Jul 1958, 
W Brandt (rare in collections; both wings 
of specimen broken, image prepared from 
enjoined broken wings) (WL n/a)
Dist: East Papua
95
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# Clavipalpis Gp sp No 5
Photo: (ANIC) Wabo, East Papua, LT 20 Aug 
1978 EN Marks (WL 0.80)
Dist: East Papua
96
# Clavipalpis Gp sp No 7
Photo: (ANIC) Rapolo Village, 8 km S Rabaul, 
New Britain, LT Oct 1965, B McMillan 
(WL 0.76)
Dist: West Papua, Bismarck Archipelago
100
# Clavipalpis Gp sp No 6
Photo: (ANIC) Rapolo Village, 8 km S Rabaul, 
New Britain, LT Oct 1965, B McMillan 
(WL 0.66)
Dist: Bismarck Archipelago
99
clavipalpis Mukerji 1931: 1052 (India) 
(synonym: candidus Sen & Das Gupta 1959: 
620)
Photo: (ANIC) DPI Research Stn, Kairi, 
N Queensland (scrub), 6 May 1980, DS Gibson 
(WL 0.85)
Dist: Queensland, Northern Territory, Western 
Australia, East Papua
98
flavimaculinotalis Tokunaga 1940b: 180 
(Micronesia)
Photo: (BPBM) E Nagatpang, 65 m, 
Babelthaup Is, Palau, LT 7 Dec 1952, 
JL Gressitt (WL 0.97)
Dist: Micronesia, Palau
97
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parviscriptus Tokunaga 1959: 213 
(East Papua)
Photo: (ANIC) Lockerbie Scrub, Cape York, 
Queensland, LT 29–31 May 1984, M Elson 
Harris (WL 0.83)
Dist: Queensland, East Papua, Bismarck 
Archipelago
101
# Clavipalpis Gp sp No 8
Photo: (ANIC) Belgian Gardens, Townsville, 
Queensland, LT 20 Nov 1955, AK O’Gower 
(WL 0.83)
Dist: Queensland, Northern Territory, Western 
Australia
102
marginalis Lee & Reye 1963: 354 (New South 
Wales)
Photo: (ANIC) Gurley Rd, Terry Hie Hie, 
New South Wales, LT 31 Jan 1974, MJ Muller 
(WL 0.83)
Dist: New South Wales, Queensland
103
# Clavipalpis Gp sp No 9
Photo: (ANIC) Middle Ck, Amberly, 
Queensland, LT 18 Dec 1973, CH Wild 
(WL 0.84)
Dist: Queensland
104
# Clavipalpis Gp sp No 10
Photo: (ANIC) Danbulla State Forest, 
Kairi, N Queensland, LT 23–24 Apr 1977, 
HA Standfast & AL Dyce (WL 0.89)
Dist: Queensland
105
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# Clavipalpis Gp sp No 11
Photo: (ANIC) Mt Crosby, SE Queensland, 
LT 1 Feb 1968, HA Standfast & AL Dyce 
(WL 0.95)
Dist: New South Wales, Queensland
106
# Clavipalpis Gp sp No 15
Photo: (ANIC) Timika, West Papua, LT riverside 
nr Kepala desa house, 3–4 May 1979, V Lee 
(WL 0.91)
Dist: East Papua, West Papua
110
# Clavipalpis Gp sp No 14
Wongabel State Forest, Atherton, 
N Queensland, LT (canopy) 5–6 Oct 1982, 
DS Gibson (WL 1.14)
Dist: Queensland
109
# Clavipalpis Gp sp No 13
Photo: (ANIC) 4 km W Cape Tribulation, 
N Queensland, LT 23 Sept–7 Oct 1982, 
Monteith, Yeates & Thompson (WL 1.02)
Dist: Queensland
108
# Clavipalpis Gp sp No 12
Photo: (ANIC) Wabo, East Papua, LT 20 Aug 
1978, EN Marks (WL 0.76)
Dist: East Papua
107
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# Clavipalpis Gp sp No 16
Photo: (ANIC) Wabo, East Papua, LT 20 Aug 
1978, EN Marks (WL 0.84)
Dist: East Papua, West Papua
111 
# Clavipalpis Gp sp No 17
Photo: (ANIC) Timika, West Papua, LT riverside 
nr Kepala desa house, 3–4 May 1979, V Lee 
(WL 0.89)
Dist: West Papua
112 
yoshimurai Tokunaga 1941: 114 (Micronesia)
Photo: (ANIC) Urimo, East Papua, LT 2–3 Dec 
1977, B Kadeu (WL 0.71)
Dist: East Papua, Bismarck Archipelago, 
Micronesia, Solomon Islands, Vanuatu, Fiji
113
# Clavipalpis Gp sp No 18
Photo: (ANIC) Wabo, East Papua, LT 20 Aug 
1978, EN Marks (WL 0.69)
Dist: East Papua
114
#Clavipalpis Gp sp No 19
Photo: (ANIC) Danbulla Rd, Tinaroo Dam, 
N Queensland, TT 21 Apr 1977, HA Standfast 
& AL Dyce (WL 0.70)
Dist: Queensland, East Papua
115 
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coronalis Lee & Reye 1955: 234 (Queensland)
Photo: (ANIC) Kuwi, East Papua, LT 14 Sept 
1979, I Fanning (WL 0.88)
Dist: Queensland, Northern Territory, East 
Papua, West Papua
119
Coronalis Species Group Dyce in litt
hyalinus Tokunaga 1962: 472 (East Papua)
Photo: (ANIC) Bainyik, East Papua, 
LT Jan 1960, W Peters (WL 0.86)
Dist: East Papua
116
# Coronalis Gp sp No 1
Photo (ANIC) Fannie Bay, Darwin, Northern 
Territory, LT 12 Aug 1969, W Painter 
(WL 0.93)
Dist: Northern Territory
120
# Clavipalpis Gp sp No 20
Photo: (ANIC) Togabe Dept livestock HQ Coln 
13047 (168°32’E 17°14’S), Vanuatu, Efate 
Island, Port Vila, LT 30 Mar 1996, (WL 0.69)
Dist: Vanuatu
118
insulanus Macfie 1933: 77 (French Polynesia)
Photo: (ANIC) Punaauia, 17°38’S 149°37’W, 
Society Ils, July 1998, F. Lardeux (WL 0.80)
Dist: American Samoa, Vanuatu, Fiji, Society 
Islands
117
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costalis Tokunaga 1963: 132 (Bismarck 
Archipelago)
Photo (BPBM) Bougainville Is, Arawa 
Plantation via Kieta (1 m), June 1956, 
JL Gressitt (WL 1.65)
Dist: Bismarck Archipelago
121
Costalis Species Group Dyce & Wirth in litt
Costalis Complex
polynesiae Wirth & Arnaud 1969: 518 
(Samoa)
Photo: (BPBM) Tutuilo Naval Stn, Samoa, 
at light Aug 1940, Swezey & Zimmerman 
(WL 1.52)
Dist: Solomon Islands, Western Samoa
122
# Costalis Gp sp No 1, (G) (described as var 
of C. costalis by Tokunaga 1963: 133 fig. F) 
(WL 1.52)
Photo: (Kyoto) Bodem, West Papua, 10–17 
July 1959, TC Maa (WL 1.52)
Dist: West Papua
123 
# Costalis Gp sp No 2
Photo: (USNM) Yanuca Serua, Fiji, reared from 
pupa ex Pandanus bract, 17 Feb em 21 Feb 
1981, N Toohey & M Goettel (WL 1.27)
Dist: West Papua, Fiji
124 
# Costalis Gp sp No 3
Photo: (BPBM) Santa Yesbel, Buala, Solomon 
Islands, LT 7 Jul 1960, CW O’Brien (WL 1.64)
Dist: Bismarck Archipelago, Solomon Islands
125 
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agas Wirth & Hubert 1989: 438 (Indonesia, 
Ceram)
Photo: (BPBM) East Papua, Bougainville Is, 
Arawa Plantation nr Kieta (1 m), 11 June 1956, 
JL Gressitt (WL 1.14)
Dist: East Papua, Bismarck Archipelago, 
Solomon Islands
129
Immaculatus Species Group Dyce in litt
novairelandi Tokunaga 1962: 512 (Bismarck 
Archipelago)
Photo: (ANIC) Kuwi, East Papua, LT 12 Sept 
1979, I Fanning (WL 1.05)
Dist: East Papua, West Papua, Bismarck 
Archipelago, Vanuatu
127
Novairelandi Complex
# Costalis Gp sp No 4
Photo: (USNM) Tesse, Wallis Island, 19 Sept 
1974, reared ex Pandanus bract, J Hitchcock 
(WL 1.59)
Dist: Wallis Island
126
# Costalis Gp sp No 5
Photo: (ANIC) Wabo, East Papua, LT 20 Aug 
1978, EN Marks (WL 1.12)
Dist: East Papua, West Papua
128
immaculatus Lee & Reye 1953: 375 
(Queensland)
Photo: (ANIC) Thursday Is, Torres Strait, 
Hospital Point, mangroves, 5 Feb 1952, 
A Vines (WL 0.97)
Dist: Queensland, Northern Territory, Western 
Australia, East Papua
130
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# Immaculatus Gp sp No 1 (New Caledonia)
Photo: (BPBM) New Caledonia, Ouano Beach, 
13 Nov 1958 at light, CR Joyce (WL 1.03)
Dist: New Caledonia, Fiji
131 
ardentissimus Tokunaga 1940a: 216 
(Micronesia)
Photo: (USNM) Koro Is, Palau, at light 17 Apr 
1957, CW Sabrosky (WL 1.5)
Dist: East Papua, Micronesia
134
Kusaiensis Species Group Dyce in litt
# Immaculatus Gp sp No 2
Photo: (ANIC) Darwin, Northern Territory, 
Sadgroves Ck, LT 14 Apr 1996, M Shivas 
(WL 0.95)
Dist: Northern Territory
132
# Immaculatus Gp sp No 3
Photo: (ANIC) Northern Territory, Barra Base, 
LT 19 Apr 1991, I Hazelgrove (WL 0.95)
Dist: Northern Territory
133 
kusaiensis Tokunaga 1940a: 215 (Micronesia)
Photo: (ANIC) Labuan Is, North Borneo, 
at light Sept 1948, DH Colless (WL 0.81)
Dist: East Papua, Micronesia
135
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leei Tokunaga 1960: 72 (East Papua)
Photo: (ANIC) East Papua, Urimo DPI Stn, 
2-3 Dec 1977, B Kadeu (WL 0.89)
Dist: Queensland, East Papua, West Papua
136
marksi Lee & Reye 1953: 392 (typical wing 
pattern) (New South Wales)
Photo: (ANIC) Moree, New South Wales, 
LT 23 Feb 1963, AL Dyce & MD Murray 
(WL 0.97)
Dist: Australia (all States), East Papua
137
Marksi Species Group Dyce in litt
marksi (rare wing pattern variant)
Photo: (ANIC) Mudginberri Stn, Northern 
Territory, 24 hr TT 20–21 Sept 1971, 
HA Standfast & AL Dyce (WL 1.20)
Dist: Northern Territory
138
parvimaculatus Lee & Reye 1953: 391 
(New South Wales)
Photo (ANIC) Queensland, 2 km S Horseshoe 
Lookout, Blackdown Tableland, 23–24 Apr 
1981, DH Colless (WL 0.99)
Dist: Victoria, New South Wales, Queensland
139
# Marksi Gp sp No 1
Photo: (ANIC) Millstream, Western Australia, 
10 Apr 1971, DH Colless (WL 0.90)
Dist: New South Wales, Queensland, Northern 
Territory, Western Australia
140
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leanderensis Lee & Reye 1963: 355 
(Queensland)
Photo: (ANIC) DPI Research Stn, Lansdown, 
Queensland, link reared, 25 Oct 1983, 
DS Gibson (WL 0.84)
Dist: New South Wales, Queensland
145
Melanesiae Species Group Dyce in litt
# Marksi Gp sp No 2
Photo: (ANIC) Western Australia, Darkan 
Rd, Collie, TT 1910–1940 hr, 29 Oct 1985, 
AL Dyce (WL 1.232)
Dist: Western Australia
141
dycei Lee & Reye 1953: 390 (typical wing 
pattern) (New South Wales)
Photo: (ANIC) Brindabella, Australian Capital 
Territory, LT 18 Feb 1965, AL Dyce & 
MD Murray (WL 0.91)
Dist: Tasmania, Victoria, South Australia, 
Western Australia, Queensland, Northern 
Territory
142
dycei (rare wing pattern variant)
Photo: (ANIC) Cunnamulla, Queensland, 
LT 21 Mar 1972, MJ Muller (WL 0.79)
Dist: Queensland
143
pseudostigmaticus Tokunaga 1959: 234 
(W Papua)
Photo: (ANIC) Urimo DPI Stn, East Papua, 
2-3 Dec 1977, B Kadeu (WL 0.72)
Dist: East Papua, West Papua
144
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molestus (Skuse) 1889: 305 (Ceratopogon) 
(New South Wales)
Photo: (ANIC) Cape Tribulation, 
N Queensland, LT Site 3 23 Sept–7 Oct 1982, 
Monteith, Yeates & Thompson (WL 0.89)
Dist: New South Wales, Queensland
150
Molestus Species Group Dyce in litt
melanesiae Macfie 1939: 368 (East Papua)
Photo: (ANIC) Sue Is, Queensland, LT 10 Feb 
1978, J Walker (WL 0.85)
Dist: Queensland, Northern Territory, East 
Papua, West Papua, Bismarck Archipelago
146
# Melanesiae Gp sp No 3,
Photo: (ANIC, G) Bamaga, N Queensland, 
stock paddock, LT 16 Jan 1992, Jackson Sailor 
(WL 0.79)
Dist: Queensland
149
# Melanesiae Gp sp No 2,
Photo: (ANIC, G) Sempi, Madang, East Papua, 
28 Jan 1988, R Kitching (WL 0.94)
Dist: East Papua
148
# Melanesiae Gp sp No 1,
Photo: (ANIC, G) Charleville, Queensland, 
TT 0600-0630 hr, 20 Feb 1969, I Fanning & 
B Kay (WL 0.72)
Dist: Queensland
147
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submagnesianus Tokunaga 1962: 484 
(East Papua)
Photo: (ANIC) Jacky Jacky Ck, Queensland, 
LT 19 Mar 1969, F Trueman (WL 0.91)
Dist: Queensland, East Papua, Bismarck 
Archipelago
151
# Molestus Gp sp No 1
Photo: (ANIC) Rocky Bay, Yirrkala, Northern 
Territory, LT 10–14 Feb 2005, S Roeger 
(WL 0.86)
Dist: Northern Territory
152
# Molestus Gp sp No 2
Photo: (ANIC) Port Welshpool, Victoria, 26 Feb 
1965 link reared, AL Dyce (WL 1.26)
Dist: Victoria
153
# Molestus Gp sp No 3
Photo: (ANIC) Squeaky Bay, Wilson’s 
Promontory, Victoria, link reared 21 Jan 1967, 
R Holst & AL Dyce (WL 1.40) 
Dist: Victoria
154
# Molestus Gp sp No 4
Photo: (ANIC) Brunswick Heads, New South 
Wales, 16 Mar 1973, T Lennon (WL 1.22)
Dist: New South Wales, Queensland
155
119
	 		 
subimmaculatus Lee& Reye 1953: 375 
(New South Wales)
Photo: (ANIC, Paratype) Palm Beach, New 
South Wales, 2 Mar 1946, DJ Lee (WL 1.04)
Dist: Victoria, New South Wales
156
cordiger Macfie 1934a: 193 (Malaysia) 
(synonym: magnesianus Lee & Reye 1953: 
385)
Photo: (ANIC) Moa Is., Torres Strait, at light, 
7 May 1953, MJ Mackerras (WL 1.14)
Dist: Queensland, Northern Territory, Torres 
Strait, West Papua, Bismarck Archipelago, 
New Caledonia
160
Ornatus Species Group Wirth & Hubert 1989: 293
cancrisocius Macfie 1946: 15 (Fiji)
Photo: (USNM) Veti Levu, Fiji Ils, EJ Reye 
(WL 1.27)
Dist: Fiji
159
# Molestus Gp sp No 5 (det Tokunaga 1962 
as subimmaculatus Lee & Reye, 1E only, slide 
also labelled ‘=stigmatipennis Tokunaga 
Hol E sp. nov.’)
Photo: (BPBM) Sarmi, West Papua, Hg LT 
20-31 July 1959, TC Maa (WL 0.99)
Dist: (only known specimen) West Papua
158
# Molestus Gp sp No 5
Photo: (ANIC) Jeanie R, N Queensland, 29 
Mar 1991, CO2 LT, S Francis, GR782–715 Map 
7868 (WL 0.99)
Dist: New South Wales, Queensland, Northern 
Territory, West Papua
157 
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cordiger Macfie (atypical dark wing form)
Photo: (ANIC) Fannie Bay, Darwin, Northern 
Territory, LT 12 Aug 1969, W Painter 
(WL 1.03)
Dist: Northern Territory
161
# Ornatus Gp sp No 1
Photo: (ANIC) New Caledonia, 5 km E Grand 
Xac, Plaine des Lacs, 21–25 Jan 1984, 
M Pague & M Epstein (WL 1.12)
Dist: New Caledonia
162 
# Ornatus Gp sp No 2
Photo: (ANIC) New Caledonia, Plaine des Lacs 
area, at light, 5 Nov 1958, CR Joyce (WL 1.13)
Dist: New Caledonia
163 
# Ornatus Gp sp No 3
Photo: (ANIC) Western Australia, Yanchep 
National Park, TT 0740–0800 26 Oct 1985, 
AL Dyce & WW Wirth (WL 1.41)
Dist: SW Western Australia
164 
# Ornatus Gp sp No 4
Photo: (ANIC) New Caledonia, Mt Dzumac, 
800 m, 27 Feb 1984, M Pague & M Epstein 
(WL 1.13)
Dist: New Caledonia
165 
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hollandiensis Tokunaga 1959: 266 
(West Papua)
Photo: (BMNH) Kokoda, 400 m, Papua 
New Guinea, Aug-Sept 1933, LE Cheesman 
WL 1.00)
Dist: East Papua, West Papua
166
papuensis Tokunaga 1962: 513 (East Papua)
Photo: (ANIC) Channel Is., Site 8, Darwin, 
Northern Territory, CO2 trap, 15 Dec 1983, 
P Whelan (WL 0.91)
Dist: Queensland, Northern Territory, Western 
Australia, East Papua, West Papua, Solomon 
Islands
170
# Ornatus Gp sp No 5
Photo: (ANIC) Thio, New Caledonia,  
LT 11 Nov 1958, RC Joyce (WL 1.20)
Dist: New Caledonia
169 
marmoratus (Skuse) 1889: 304 (Ceratopogon) 
(New South Wales)
Photo: (ANIC) Hornsby, New South Wales, 
LT 23 Oct 1963, DJ Lee (WL 1.19)
Dist: Victoria, New South Wales, Queensland, 
Northern Territory, East Papua
168
circumbasalis Tokunaga 1959: 232 
(West Papua) (synonym: praesignis Delfinado 
1961: 652)
Photo: King Park Stn, Iron Range, Queensland, 
18–24 May 1980, P Hubers (WL 0.99)
Dist: Queensland, West Papua
167
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# Ornatus Gp sp No 6
Photo: (ANIC) Gravelly Point, Darwin, 
Northern Territory, link bred, pupa coll 
24 June, adult emerged 26 June 1958, EJ Reye 
(WL 0.79)
Dist: Queensland, Northern Territory
171 
quaterifasciatus Tokunaga 1959: 240 
(Bismarck Archipelago)
Photo: (BPBM, Holotype E), St Pauls, 300 m, 
Baining Mtns, Gazelle Peninsula, New Britain, 
9 Sept 1955, JL Gressitt (WL 0.99)
Dist: Bismarck Archipelago
172
mollis Edwards 1928: 55 (Western Samoa)
Photo: (ANIC) Leona Pago Village, American 
Samoa, LT Tidal stream, 2–3 Dec 1982, J Holt 
(WL 1.02)
Dist: Solomon Islands, Western Samoa, 
American Samoa, Vanuatu, Fiji
173
samoaensis Wirth & Arnaud 1969: 513 
(American Samoa)
Photo: (USNM, Paratype) Afiamula, Upola, 
W Samoa, 275 m, at light, June 1949, Sweezy 
& Zimmerman (WL 1.14)
Dist: Western Samoa, American Samoa
174
pangkorensis Wirth & Hubert 1989: 326 
(Malaysia)
Photo: (ANIC) Vestey’s Swamp, Darwin, 
Northern Territory, link bred, 7 June 1959, 
EJ Reye (WL 1.09)
Dist: Northern Territory
175
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# Ornatus Gp sp No 7
Photo: (USNM) Noumea, Paie Tina, New 
Caledonia, LT 11–14 Feb 1984, M Pogue & 
ME Epstein (WL 1.18)
Dist: New Caledonia
176
# Ornatus Gp sp No 8
Photo: (ANIC) Alice Springs, Northern 
Territory, AZRI, LT, 26 Jan 1981, D Clarke 
(WL 1.23)
Dist: New South Wales, Queensland, Northern 
Territory, Western Australia, South Australia
180
longior Hagan & Reye 1986: 340 
(Queensland)
Photo: (ANIC) Sandfly Ck, E Mackay, 
Queensland, hand net over larval habitat, 
13 Apr 1984, J Lamy (WL 0.85)
Dist: New South Wales, Queensland
179
ornatus Taylor 1913: 73 (Queensland)
Photo: (ANIC) Sandfly Ck, E Mackay, 
Queensland, hand net over larval habitat, 
13 Apr 1984, J Lamy (WL 0.91)
Dist: Queensland, Northern Territory, Western 
Australia, West Papua
178
peliliouensis Tokunaga in Tokunaga & Esaki 
1936: 55 (Palau) (synonym: ejercitoi Delfinado 
1961: 643)
Photo: (USNM) Pelilieu, Caroline Is (undated), 
K Dorsey (WL 0.89)
Dist: Northern Territory, West Papua, 
Micronesia, Palau
177
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belkini Wirth & Arnaud 1969: 509 
(French Polynesia)
Photo: (ANIC) Wakaya Is, Fiji, LT 11 Dec 1983, 
J Holt (WL 1.02)
Dist: East Papua, Solomon Islands, Western 
Samoa, Fiji, Society Islands
181
pampangensis Delfinado 1961: 650 
(Philippines)
Photo: (ANIC) DPI Stn, Urimo, East Papua, 
2–3 Dec 1977, B Kadeu (WL 1.05)
Dist: East Papua
182
# Ornatus Gp sp No 9
Photo: (ANIC) Broome, Western Australia, 
CO2 LT mangroves nr motel, 16–17 Jul 1985, 
S Hammond (WL 0.88)
Dist: Western Australia
183
# Ornatus Gp sp No 10
Photo: (ANIC) Townsvillle, Queensland, 
Nov 1955, AK O’Gower & EJ Reye (WL 0.89)
Dist: Queensland
184
sabroskyi Tokunaga in Tokunaga & Murachi 
1959: 336 (Palau)
Photo: (USNM, Holotype E) Koror Is, Palau, 
LT 30 May 1957, Sabrosky (WL 1.08)
Dist: Palau, Micronesia
185
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purus Lee & Reye 1963: 352 (New South 
Wales)
Photo: (ANIC, Holotype) Hornsby, New South 
Wales, LT 24 Oct 1956, DJ Lee (WL 0.69)
Dist: New South Wales, Northern Territory 
[East Papua record by Tokunaga incorrect, 
see Dyce 1996]
188
Purus Species Group Dyce & Wirth 1997: 576
flumineus Macfie 1937b: 116 (Malaysia)
Photo: (ANIC) Saltwater Ck via Proserpine, 
Queensland, TT 26 June 1983, C Brennan & 
W Kinsella (WL 1.12)
Dist: Queensland, Northern Territory, West 
Papua
186
queenslandae Dyce & Wirth 1997: 589 
(Queensland)
Photo: (ANIC, Holotype) Claudie R, Iron 
Range, N Queensland, LT 25 Oct 1979, 
C Brennan & D Gibson (WL 0.72)
Dist: Queensland
190
elizabethae Dyce & Wirth 1997: 584 
(East Papua)
Photo: (ANIC, Paratype) Kapuna, West Papua, 
LT 27 Aug 1978, EN Marks (WL 0.80)
Dist: East Papua
189
paragarciai Dyce 1996: 313 (East Papua)
Photo: (Kyoto, Paratype E) New Britain, Linga 
Linga Plain, W of Williames, 15 Apr 1956, 
JL Gressitt (WL 0.89)
Dist: East Papua, West Papua, Bismarck 
Archipelago, Solomon Islands
187
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interrogatus Lee & Reye 1963: 358 
(New South Wales)
Photo: (ANIC) Tinaroo Dam, Danbulla Rd, 
N Queensland, TT 22 Apr 1977, HA Standfast 
& AL Dyce (WL 1.13)
Dist: New South Wales, Queensland
193
Shermani Species Group Wirth & Hubert 1989: 335
dubiosum Dyce & Wirth 1997: 591 
(Queensland)
Photo: (ANIC, Holotype G) Bamaga, Cape 
York, N Queensland, LT, 29 Jan 1968, B Dew 
(WL 0.88)
Dist: Queensland
192
ardleyi Tokunaga 1962: 474 (East Papua)
Photo: (ANIC) DPI Lansdown Research Stn, 
Queensland, LT 11–13 Aug 1983, DS Gibson 
(WL 0.86)
Dist: New South Wales, Queensland, East 
Papua, Bismarck Archipelago, Solomon 
Islands
194
rabauli Macfie 1939: 367 (Bismarck 
Archipelago) (synonym: angularis Lee & Reye 
1953: 384)
Photo: (ANIC) White Swamp via Moree, New 
South Wales, 19 Sept 1973, link bred ex tree 
hole, MJ Muller (WL 1.27)
Dist: Western Australia, Victoria, New South 
Wales, Queensland, East Papua, Bismarck 
Archipelago
195
capricornae Dyce & Wirth 1997: 586 
(Queensland)
Photo: (ANIC, Holotype) Noondoo, 
Queensland, LT 26 Feb 1963, AL Dyce & 
MD Murray (WL 0.94)
Dist: Queensland
191
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marginatus Delfinado 1961: 646 (Philippines)
Photo: (ANIC) DPI Stn Urimo, East Papua, 
LT 5–6 Dec 1977, B Kadeu (WL 0.94)
Dist: East Papua, West Papua
200
shermani Causey 1938: 404 (Thailand)
Photo: (ANIC) Kowanyama, N Queensland, 
bred ex tree hole, 3 Apr 1970, AL Dyce 
(WL 0.93)
Dist: Queensland, Northern Territory
199
# Shermani Gp sp No 2
Photo: (ANIC) Mt Dromedary, New South 
Wales, LT 24 Nov 1965, I Common & M Upton 
(WL 0.79)
Dist: New South Wales
198
# Shermani Gp sp No 1
Photo: (ANIC) Kidman Springs Stn, Northern 
Territory, LT 30 Nov 1981, B Hill (WL 0.79)
Dist: Northern Territory, Western Australia
197
mackerrasi Lee & Reye 1963: 355 (Northern 
Territory)
Photo: (ANIC) Gilruth Plains Stn via 
Cunnamulla, Queensland, Link bred ex tree 
hole, 13 Dec 1963, AL Dyce & MD Murray 
(WL 1.10)
Dist: New South Wales, Queensland, Northern 
Territory
196
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# Victoriae Gp sp No 1
Photo: (ANIC) Urimo, East Papua, LT, 5–6 Dec 
1977, B Kadeu (WL 0.95)
Dist: East Papua
205 
Victoriae Species Group Dyce in litt
geminus Macfie 1937a: 472 (Malaysia) 
(synonym: bifasciatus Tokunaga 1951: 104
Photo: (ANIC) DPI Stn Urimo, East Papua, 
LT 5–6 Dec 1977, B Kadeu (WL 0.86)
Dist: East Papua
201
dryadeus Wirth & Hubert 1972: 41 (Malaysia)
Photo: (ANIC) Lockerbie Scrub, Cape York 
Peninsula, Queensland, LT May 1984, 
MM Harris (WL 1.03)
Dist: Queensland, Torres Strait, East Papua
202
moreensis Lee & Reye 1955: 239 (New South 
Wales)
Photo: (ANIC) Slab Crossing, Terry Hie Hie, 
New South Wales, LT 12 Dec 1973, MJ Muller 
(WL 0.76)
Dist: New South Wales, Queensland
203
neomelanesiae Tokunaga 1963: 123 
(East Papua)
Photo: (ANIC) Kapuna, East Papua, LT, 27 Aug 
1978, EN Marks (WL 0.89)
Dist: Queensland, East Papua
204
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bundyensis Lee & Reye 1955: 239 (typical 
form) (New South Wales)
Photo: (ANIC) Gravesend Rd, Terry Hie Hie, 
New South Wales, link bred, 30 Jan 1974, 
MJ Muller (WL 1.08)
Dist: New South Wales, Victoria, south-eastern 
Queensland
206
# Victoriae Gp sp No 2
Photo: (ANIC) Beatrice Hill, Northern Territory, 
TT Village Run, 18 July 1975, DS Gibson 
(WL 0.94)
Dist: Northern Territory
210
bundyensis (East Papua form)
Photo: (ANIC) Aranai — Moto Is, East Papua, 
18 Oct 1960, biting man, 4 pm, B McMillan 
(WL 1.03)
Dist: East Papua
209
bundyensis (Millstream Western Australia 
form)
Photo: (ANIC) Millstream, Western Australia, 
7 Apr 1971, DH Colless (WL 0.97)
Dist: northern Western Australia
208
bundyensis (Northern Territory form)
Photo: (ANIC) Mudginberri Stn, Northern 
Territory, 24 hr TT 3–4 Apr 1971, 
HA Standfast & AL Dyce (WL 0.99)
Dist: Northern Territory
207
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# Victoriae Gp sp No 3
Photo: (ANIC) 7 km E Bamaga, Cape York, 
Queensland, LT 9 Oct 1976, DP Sands 
(WL 0.90)
Dist: Queensland
212
# Victoriae Gp sp No 4
Photo: (ANIC) Morobe Prov., Mt Kaindi, 
East Papua, 2360 m, UV LT 29 Aug 1983, 
S & P Miller (WL 0.74)
Dist: East Papua
213
crassus Tokunaga 1962: 508 (East Papua)
Photo: (ANIC) Wabo, East Papua, LT 20 Aug 
1978, EN Marks (WL 0.74)
East Papua, West Papua
214
pallidothorax Lee & Reye 1963: 362 
(Northern Territory)
Photo: (ANIC) Mudginberri Stn, Northern 
Territory, 24 hr TT 3–4 Apr 1971, 
HA Standfast & AL Dyce (WL 0.93)
Dist: Queensland, Northern Territory
215
longiradialis Tokunaga 1962: 499 
(East Papua)
Photo: (Kyoto, Paratype) Maprik, Sepik 
District, East Papua, 7 Mar 1959, W Peters 
(WL 0.81)
Dist: East Papua, West Papua
211
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fulbrighti Lee & Reye 1963: 361  
(New South Wales)
Photo: (ANIC, Holotype E) Hornsby, New 
South Wales, LT 4 Oct 1954, DJ Lee (WL 1.40)
Dist: Victoria, New South Wales, Queensland
220
# Victoriae Gp sp No 8
Photo: (ANIC) 24 km E Collie, Western 
Australia, LT 28–29 Oct 1985, AL Dyce & 
WW Wirth (WL 1.38)
Dist: Western Australia
219
# Victoriae Gp sp No 7
Photo: (ANIC) Mudginberri Stn, Northern 
Territory, 24 hr TT 3–4 Apr 1971, 
HA Standfast & AL Dyce (WL 0.89)
Dist: Northern Territory
218
# Victoriae Gp sp No 6
Photo: (ANIC) Mudginberri Stn, Northern 
Territory, 24 hr TT 12–13 Apr 1971, 
HA Standfast & AL Dyce (WL 0.80)
Dist: Northern Territory
217
# Victoriae Gp sp No 5
Photo: (ANIC) Granite Ck Bridge via Tolga, 
Queensland, LT 25 Jul 1979, DS Gibson 
(WL 1.00)
Dist: Queensland
216 
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# Victoriae Gp sp No 9
Photo: (ANIC) East Papua, South Highlands, 
Aiyuro nr Mendi, LT, 7 Oct 1958, JL Gressitt 
(WL 1.69)
Dist: East Papua
221
# Victoriae Gp sp No 10 (East Papua)
Photo: (ANIC) Kairi, North Queensland, 
Danbulla State Forest, LT 23–24 Apr 1977, 
HA Standfast & AL Dyce (WL 1.30)
Dist: Queensland
222
maculiscutellaris Tokunaga 1959: 249 
(West Papua)
Photo: (ANIC) Urimo, East Papua, LT, 2–3 Dec 
1977, B Kadeu (WL 0.97)
Dist: East Papua, West Papua
223
tritenuifasciatus Tokunaga 1959: 242 
(East Papua)
Photo: (ANIC) East Papua, Aiyura, E Highlands, 
June 1960, 200 m, bred ex Pandanus leaf axil 
(leaf mould), JH Barrett (WL 1.24)
Dist: East Papua
224
paulipictus Tokunaga 1976: 45 (East Papua)
Photo: (ANIC) East Papua, Aiyura, E Highlands, 
June 1960, 200 m, bred ex Pandanus leaf axil 
(leaf mould), JH Barrett (WL 1.33)
Dist: East Papua
225
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# Victoriae Gp sp No 12
Photo: (ANIC) Tully Heads, N Queensland, 
15 Apr 1980, EF Gusthart (WL 0.89)
Dist: Queensland
230
magnipictus Tokunaga 1962: 494 
(East Papua)
Photo: (ANIC) Barakau, East Papua, 1 June 
1971, LT N Talbot (WL 0.85)
Dist: East Papua
229
henryi (reduced pale spots, rare in collections)
Photo: (ANIC) Brunswick Heads, New South 
Wales, 16 Mar 1973, T Lennon (WL 1.09)
Dist: New South Wales
228
henryi Lee & Reye 1963: 360 (Queensland)
Photo: (ANIC, Holotype E) Lota, Queensland, 
11 Feb 1955, scrub nr creek, 1930–2130 hr, 
EJ Reye (WL 1.09)
Dist: New South Wales, Queensland
227
# Victoriae Gp sp No 11
Photo: (USNM) North East Papua, Akivitara 
Riv, 1430 m, 10 Jan 1965, Malaise trap, 
J Sedlacek (WL 1.45)
Dist: East Papua
226
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bougainvillae Tokunaga 1962: 492 (Bismarck 
Archipelago)
Photo: (ANIC) Santa Ils, Ysabel, Solomon Ils, 
LT 24 Aug 1964, R Straatman (WL 1.27)
Dist: Bismarck Archipelago, Solomon Islands
231
mcmillani Lee & Reye 1953: 391 (New South 
Wales)
Photo: (ANIC) Nelson Bay, New South Wales, 
10 Jan 1953, B McMillan (WL 1.12)
Dist: Tasmania, Victoria, New South Wales, 
Queensland, East Papua
232
# Victoriae Gp sp No 13
Photo: (ANIC) Anson Bay, Norfolk Is, 14 Apr 
1972, HA Standfast (WL 1.31)
Dist: Norfolk Island
233
waringi Lee & Reye 1955: 240 (Western 
Australia)
Photo: (ANIC, Paratype) Rottnest Is, Western 
Australia, 23 Aug 1954, net 1000 hr, dune nr 
jetty, EJ Reye (WL 2.12)
Dist: Western Australia
234
# Victoriae Gp sp No 14
Photo: (ANIC) 83 km E Carnegie Stn, Western 
Australia, LT 3 Aug 1971, W Painter (WL 1.52)
Dist: Western Australia
235
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multimaculatus Taylor 1918: 169 (Victoria) 
(typical wing pattern)
Photo: (ANIC) Victoria, Portsea, LT 26 Feb 
1964, AL Dyce & MD Murray (WL 1.55)
Dist: Tasmania, Victoria, South Australia, 
SW Western Australia
236
victoriae Macfie 1941: 67 (Victoria) 
(synonym: magnimaculatus Lee & Reye 1953: 
388)
Photo: (ANIC, Type loc) Victoria, Cockatoo, 
LT 25 Jan 1966, AL Dyce (WL 1.27)
Dist: Tasmania, Victoria, South Australia, 
Western Australia, New South Wales, 
Queensland, East Papua
240
cuniculus Lee & Reye 1953: 388 
(Queensland)
Photo: (ANIC) Bow Park Stn, Julia Ck, 
Queensland, 26 Dec 1976, K Martin (WL 1.18)
Dist: New South Wales, Queensland, Northern 
Territory, South Australia, Western Australia
239
# Victoriae Gp sp No 15
Photo: (ANIC) Hornsby, New South Wales, 
30 Oct 1957, LT DJ Lee (WL 1.57)
Dist: Victoria, New South Wales, SW Western 
Australia
238
multimaculatus (reduced pale spots)
Photo: (ANIC) Thomas River Estuary, Western 
Australia, 4 Nov 1984, D Colless (WL 1.56)
Dist: Western Australia
237
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victoriae (N Queensland form)
Photo: (ANIC) Queensland, Danbulla Rd, 
Tinaroo Dam, TT, 21 Apr 1977, HA Standfast 
& AL Dyce (WL 1.02)
Dist: North Queensland
241
victoriae (New South Wales magnimaculatus 
wing form)
Photo: (ANIC) New South Wales, Hornsby, 
LT 26 Oct 1958, DJ Lee (WL 1.31)
Dist: eastern, central and northern New South 
Wales
242
victoriae (SE New South Wales wing form)
Photo: (ANIC) New South Wales, Jerrabattgulla 
Ck nr Tallaganda State Forest, 19 Feb 1983, 
hovering nr man) DM Spratt (WL 1.08)
Dist: south-eastern New South Wales
243
victoriae (Tasmania wing form)
Photo: (ANIC) Tasmania, 41.95°S–147.56°E, 
Intake Bridge, at light 13 Jan 1983, JC Cardale 
(WL 1.40)
Dist: Tasmania
244
victoriae (trilobed wing form — cell R5)
Photo: (ANIC) New South Wales, Hornsby, 
LT 30 Oct 1957, DJ Lee (WL 1.19)
Dist: eastern New South Wales
245
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austropalpalis Lee & Reye 1955: 240 
(New South Wales) (typical form; described 
as palpalis Lee & Reye 1953: 380, but 
preoccupied by palpalis Macfie 1948: 78 
(Mexico)) 
Photo: (ANIC) Wongabel State Forest via 
Atherton, Queensland, LT 11 Mar 1982 
DS Gibson (WL 0.99) 
Dist: Australia (all states), East Papua
250
Williwilli Species Group Wirth & Hubert 1989: 385
victoriae (Western Australia wing variant)
Photo: (ANIC) SW Western Australia, Yanchep 
Nat Park, TT 22 Oct 1985, AL Dyce & 
WW Wirth (WL 1.17)
Dist: SW Western Australia
246
victoriae (East Papua wing form)
Photo: (ANIC) Aronai, Moto Is, East Papua, 
18 Oct 1960, biting man, B McMillan 
(WL 1.09)
Dist: East Papua
249
victoriae (New South Wales wing variant)
Photo: (ANIC) New South Wales, Kanangra 
Walls, 17 Dec 1962, resting inside tent, 
AL Dyce (WL 1.13)
Dist: Victoria, eastern New South Wales
248
victoriae (New South Wales wing variant, pale 
pattern reduced) 
Photo: (ANIC) New South Wales, Colo Vale, 
12 Mar 1957 (man bait) Stn 1 1745–1800 hr, 
J Citowitch (WL 1.12)
Dist: central east New South Wales
247
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pseudopalpalis Wirth & Hubert 1989: 394 
(Indonesia, Sumbawa)
Photo: (ANIC) Dessa Pello, Timor, LT 13 Sept 
1984, NT Hunt (WL 0.75)
Dist: Queensland (Cape York), East Papua, 
West Papua
252
nattaiensis Lee & Reye 1955: 237 (New South 
Wales)
Photo: (Holotype ANIC) Colo Vale, Stockyard 
Creek, New South Wales, LT 19 Nov 1953, 
AL Dyce (WL 1.04)
Dist: New South Wales
253
# Williwilli Gp sp No 1
Photo: (ANIC) Singleton, New South Wales, 
LT 13 Mar 1978, MD Murray (WL 0.94)
Dist: New South Wales
254
# Williwilli Gp sp No 2
Photo: (ANIC) Millstream, Western Australia, 
Crossing Pool, 21 Oct 1970, DH Colless 
(WL 0.83)
Dist: northern Western Australia
255
austropalpalis (reduced pattern) 
Photo: (ANIC) Danbulla State Forest, Kairi, 
Queensland, LT 21–22 Apr 1977, AL Dyce & 
HA Standfast (WL 0.97) 
Dist: Queensland, Northern Territory
251
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# Williwilli Gp sp No 4
Photo: (ANIC) Bedford Downs Stn, Western 
Australia, 16 Sept 1970, WI Hopkinson 
(WL 0.81)
Dist: Western Australia
257
flaviscriptus Tokunaga 1959: 252 (Bismarck 
Archipelago)
Photo: (Holotype E, BPBM 2879) St Pauls, 
Baining Mtns, Gazelle Peninsula, New Britain, 
300 m 19 Sept 1955, JL Gressitt (WL 0.95)
Dist: Bismarck Archipelago
258
pallidimaculosus Tokunaga 1959: 219 
(East Papua)
Photo: (BPBM) Swart Valley, West Papua, 
LT 10 Nov 1956, JL Gressitt (WL 1.03)
Dist: East Papua, West Papua, Bismarck 
Archipelago
259
# Williwilli Gp sp No 5
Photo: (ANIC) Kepala desa house, 600 m from 
Lake Timika at riverside, West Papua, 3–4 May 
1979, V Lee (WL 0.80)
Dist: East Papua, West Papua
260
# Williwilli Gp sp No 3
Photo: (ANIC) Millstream, Western Australia, 
7 Apr 1971, DH Colless (WL 0.77)
Dist: New South Wales, Queensland, Northern 
Territory, Western Australia
256
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petersi (wing pattern variant)
Photo: (BPBM — petersi type series, possibly 
a  distinct species) (WL N/A)
Dist: East Papua, West Papua
262
yasumatsui Tokunaga 1941: 113 (Micronesia) 
(synonym lingensis Tokunaga 1963: 129)
Photo: (ANIC) Sio, East Papua, LT 13 Oct 
1966, B McMillan (WL 0.83)
Dist: Torres Strait Islands, East Papua, 
Bismarck Archipelago, Micronesia, Solomon 
Islands, Vanuatu
263
# Williwilli Gp sp No 6
Photo: (ANIC) Kairi, North Queensland, 
LT 23–24 Apr 1977, HA Standfast & AL Dyce 
(WL 0.90)
Dist: Cape York, Queensland
264
# Williwilli Gp sp No 7
Photo: (ANIC) Kairi, North Queensland, 
LT 23–24 Apr 1977, HA Standfast & AL Dyce 
(WL 0.90)
Dist: North Queensland
265
petersi Tokunaga 1962: 490 (East Papua)
Photo: (Holotype E, BPBM 2339) Maprik, 
Sepik District, LT Jan 1959, W Peters 
(WL 0.90)
Dist: East Papua, West Papua
261
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delfinadoae Wirth & Hubert 1989: 386 
(Labuan Island, Sabah)
Photo: (USNM, Holotype E) Labuan Island, 
Sabah, at light 1951, DH Colless (WL 0.77)
Dist: Sabah, Philippines (no Australasian 
records, included for comparison with 
Australasian species)
270
semicercum Tokunaga 1959: 208 
(West Papua)
Photo: (BPBM 2865, Holotype E) Hollandia, 
West Papua, 100 m, 23 Aug 1955, JL Gressitt 
(WL 0.79)
Dist: East Papua, West Papua, Bismarck 
Archipelago, Solomon Islands
269
# Williwilli Gp sp No 9
Photo: (ANIC) Warrah, New South Wales, 
LT 5 Nov 1966, R Holst (WL 0.94)
Dist: New South Wales
268
williwilli Lee & Reye, 1955: 234 (New South 
Wales)
Photo: (ANIC) Merricumbene, New South 
Wales, LT 1 Mar 1964, AL Dyce & MD Murray 
(WL 1.04)
Dist: New South Wales, Queensland
267
# Williwilli Gp sp No 8
Photo: Mt Dzuma, New Caledonia, 800 m, 
UV LT 27 Feb 1984, M Pogue & ME Epstein 
(WL 0.91)
Dist: New Caledonia
266
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# Williwilli Gp sp No 10
Photo: (ANIC) Tembaga-Pura, West Papua, 
1800 m, porch screen, 29 Apr 1979, V Lee 
(WL 1.27)
Dist: West Papua
272
# Williwilli Gp sp No 11
Photo: (ANIC) Tembaga-Pura, West Papua, 
1800 m, porch screen, 28 Apr 1979, V Lee 
(WL 1.14)
Dist: West Papua
273
# Williwilli Gp sp No 12
Photo: (ANIC) Tembaga-Pura, West Papua, to 
indoors light, 4–11 May 1979, V Lee (WL 0.95)
Dist: West Papua
274
# Williwilli Gp sp No 13
Photo: (ANIC) Mt Gahavisuka, East Papua, 
UV light 13 Aug 1983, S & P Miller (WL 1.13)
Dist: East Papua
275
neopalpalis Tokunaga 1962: 483 (East Papua)
Photo: (ANIC) Bainyik, East Papua, LT 1960, 
W Peters (WL 0.79)
Dist: East Papua, West Papua
271
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narrabeenensis Lee & Reye 1963: 357 
(New South Wales)
Photo: (ANIC, Holotype E) Deep Creek, 
Narrabeen, New South Wales, LT 3 Mar 1957, 
WW Wirth (WL 1.02)
Dist: New South Wales, Queensland, 
Northern Territory
280
# Williwilli Gp sp No 17
Photo: (BPBM) Solomon Islands, Guadalcanal, 
Gold Ridges, 800 m, LT 26 July 1956, 
JL Gressitt (WL 0.79)
Dist: Solomon Islands
279
# Williwilli Gp sp No 16
Photo: (ANIC) Wabo, East Papua, LT 20 Aug 
1978, EN Marks (WL 0.83)
Dist: East Papua
278
# Williwilli Gp sp No 15
Photo: (ANIC) Wabo, East Papua, LT 20 Aug 
1978, EN Marks (WL 0.83)
Dist: East Papua
277
# Williwilli Gp sp No 14 
Photo: (ANIC) Mt Gahavisuka, East Papua, 
UV LT 13 Aug 1983, S & P Miller (WL 1.03)
Dist: East Papua
276
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# Williwilli Gp sp No 19 
Photo: (ANIC) Brockman Springs, Mudginberri 
Stn, LT 22 Sept 1971, HA Standfast & AL Dyce 
(WL 0.72)
Dist: Northern Territory, northern Western 
Australia
282
# Williwilli Gp sp No 20
Photo: (USNM) New Caledonia, 5 km E Grand 
Lac Plains des Lacs, 22–25 Jan 1984, M Pogue 
& ME Epstein (WL 1.14)
Dist: New Caledonia
283
# Williwilli Gp sp No 21
Photo: (BPBM) New Caledonia, up Boulari 
River, 17 Nov 1958, R Joyce (WL 1.19)
Dist: New Caledonia
284
sigmoidus Lee & Reye 1963: 359 (Australian 
Capital Territory)
Photo: (ANIC) Colo Vale, Stockyard Creek, 
New South Wales, LT 18 Nov 1954, AL Dyce 
(WL 1.22)
Dist: New South Wales, Victoria, Queensland
285
# Williwilli Gp sp No 18
Photo: (ANIC) Coonabarabran, New South 
Wales, LT 7 Mar 1978, MD Murray (WL 0.86)
Dist: Victoria, New South Wales
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# Unplaced sp No 1
Photo: (ANIC) West Papua, Tembagapura, 
New Wau Township, 800 m, May 1979, V Lee 
(WL 1.05)
Dist: East Papua, West Papua
290
Miscellaneous Culicoides spp. (Unplaced to Subgenus or Species Group)
# Williwilli Gp sp No 23
Photo: (BPBM) Kerevat, New Britain, Hg LT 
20 Nov 1959, TC Maa (WL 0.83)
Dist: Bismarck Archipelago, Solomon Islands
289
smeei Tokunaga 1960: 73 (East Papua)
Photo: (ANIC) Kolan River, Avondale via 
Bundaberg, Queensland, LT 5 Oct 1980, 
C Brennan & DS Gibson (WL 1.03)
Dist: Queensland, East Papua, Bismarck 
Archipelago
288
# Williwilli Gp sp No 22
Photo: (ANIC) West Papua, Kepala desa, 
LT riverside, 60 m from Lake Timica, 3–4 May 
1979 (WL 0.77)
Dist: West Papua
287
murrayi Wirth & Hubert 1989: 388 
(Indonesia, Sumba)
Photo: (ANIC) East Papua, Kuwi, LT 14 Sept 
1979, I Fanning (WL 0.81)
Dist: East Papua, West Papua
286
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# Unplaced sp No 3
Photo: (BPBM) West Papua, Nabire, S Geelvink 
Bay, LT 0–30 m 2–9 July 1962, JL Gressitt & 
JS Sedlacek (WL 0.76
Dist: West Papua
292
NO IMAGE AVAILABLE
pallidizonatus Tokunaga 1963: 135 fig. 12 
(East Papua)
Holotype E (BPBM) Daulo Pass, 2500 m, 
Asaro, Chimbu Divide, north-east Papua, 
12 June 1955, JL Gressitt (WL 1.51)
Dist: East Papua
294
NO IMAGE AVAILABLE
trizonatus Tokunaga 1963: 134 (East Papua)
Holotype E (BPBM) 
Dist: East Papua
295
# Unplaced sp No 2
Photo: (BPBM) West Papua, Nabire, S Geelvink 
Bay, LT 0–30 m 2–9 July 1962, JL Gressitt & 
JS Sedlacek (WL 0.74)
Dist: West Papua
291
NO IMAGE AVAILABLE
flavidorsalis Tokunaga 1959: 245 fig. 40a 
(East Papua)
Holotype E (BPBM 2877) Wum, 850 m, Jimmi 
Valley, Sepik drainage, north-east Papua, 17 
July 1955, JL Gressitt (WL 1.04)
Dist: East Papua
293
Described Species NOT Illustrated  
(either unavailable or unsuitable for photography)
Victoriae Species Group
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After extensive research, Debenham (1978: xiii footnote) concluded that the type series of the 
following three species were destroyed by fire in 1956 at the Magyar Nemzeti Museum (MNM), 
Budapest, Hungary. Their sole distribution records are the type localities; none of the species has 
been recognised in subsequent collections.
 Lost Species —Unplaced to Subgenus or Group
NO IMAGE AVAILABLE
meijerei Kieffer 1919: 192 (replacement 
name for Culicoides guttipennis (de Meijere 
1906: 69) that was preoccupied by 
C. guttipennis Coquillett 1901) (West Papua)
Types: guttipennis de Meijere — described 
from 2 E E [specimens not able to be traced 
by Debenham 1978: 307].
Type locality: Manokwari (Doré), West Papua 
(WL unknown)
298
NO IMAGE AVAILABLE
australiensis (Kieffer) 1917: 188 (East Papua)
Types: described from an unspecified number 
of E E, (MNM) [destroyed]. 
Type locality: Friederich-Wilhelmshafen, 
Madang District, East Papua (Biro 1896) 
(WL 1.20)
Dist: not recognised since description; see 
Debenham 1978: 201–202 and footnote on 
p. iii for analysis of literature.
297
NO IMAGE AVAILABLE
xanthoceras Kieffer 1917: 186 (East Papua)
Types: described from an unspecified number 
of E E (MNM) 
Type locality: Friederich-Wilhelmshafen, 
Madang District, East Papua [see Debenham 
(1978: 386–387) for complete analysis of 
literature]
299
Williwilli Species Group
palauensis Tokunaga in Tokunaga & Murachi 
1959: 348 fig. 78b (Palau)
Type: Holotype E, USNM 64612, 
Ngaremlengui, Babelthaup Island, Palau 
Islands, 3 June 1957, LT C Sabrosky (WL 0.77)
Dist: Micronesia, Palau
296
NO IMAGE AVAILABLE
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Subgenus
Avaritia Fox  1–22
Drymodesmyia Vargas  23
Haemophoructus Macfie  24–31
Hoffmania Fox  32–42
Meijerehelea Wirth & Hubert  43–46
Remmia Glukhova  47–49
Tokunagahelea Dyce & Meiswinkel  50–52
Trithecoides Wirth & Hubert  53–62
Natural species group  
unplaced to subgenus
Antennalis Dyce (in litt.)  63–82
Bancrofti Dyce (in litt.)  83–84
Clavipalpis Wirth & Hubert  85–118
Coronalis Dyce (in litt.)  119–120
Costalis Dyce & Wirth (in litt.)  121–128
Immaculatus Dyce (in litt.)  129–133
Kusaiensis Dyce (in litt.)  134–136
Marksi Dyce (in litt.)  137–144
Melanesiae Dyce (in litt.)  145–149
Molestus Dyce (in litt.)  150–159
Ornatus Wirth & Hubert  160–187
Purus Dyce & Wirth  188–192
Shermani Wirth & Hubert  193–204
Victoriae Dyce (in litt.)  205–249
Williwilli Wirth & Hubert  250–289
Ungrouped species  290–292
Species unavailable for  
photography  293–296
Lost species — Type series  
lost  297–299
Indexes
Subgenera	and	natural	species	groups
*Numbers refer to the numbered wing images.
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A
actoni Smith  1
agas Wirth & Hubert  129
alatus Das Gupta & Ghosh  47
alboguttatus Kieffer  45
amamiensis Tokunaga  41
angularis Lee & Reye  195
anophelis Edwards  55
antennalis Lee & Reye  63
antennalis (wing variant)  64
#Antennalis Gp sp No 1  65
#Antennalis Gp sp No 2  66
#Antennalis Gp sp No 3  67
#Antennalis Gp sp No 4  71
#Antennalis Gp sp No 5  72
#Antennalis Gp sp No 6  73
#Antennalis Gp sp No 7  74
#Antennalis Gp sp No 8  75
#Antennalis Gp sp No 9  76
#Antennalis Gp sp No 10  77
#Antennalis Gp sp No 11  78
#Antennalis Gp sp No 12  80
#Antennalis Gp sp No 13  81
#Antennalis Gp sp No 14  82
arakawae (Arakawa)  45
arakawae  
(wing pattern variant)  46
ardentissimus Tokunaga  134
ardleyi Tokunaga  194
assamensis  
Smith & Swaminath  33
assimilis Delfinado  41
australiensis Kieffer  297
austropalpalis Lee & Reye  250 
austropalpalis  
(wing pattern variant)  251
#Avaritia sp No 1  8
#Avaritia sp No 2  10
#Avaritia sp No 3  19
#Avaritia sp No 4  22
B
baisasi Wirth & Hubert  53
bancrofti Lee & Reye  83
barnetti Wirth & Hubert  58
belkini Wirth & Arnaud  181
bifasciatus Tokunaga  201
boophagus Macfie  3
bougainvillae Tokunaga  231
brevipalpis Delfinado  5
brevitarsis Kieffer  6
buckleyi Macfie  9
bundyensis Lee & Reye  206 
bundyensis  
(East Papua form)  209
bundyensis (Millstream  
Western Australia form)  208
bundyensis (Northern  
Territory form)  207
bunrooensis Lee & Reye  86
C
calcaratus Wirth & Hubert  24
cancrisocius Macfie  159
candidus Sen & Das Gupta  98
capricornae Dyce & Wirth  191
circumbasalis Tokunaga  167
clavipalpis Mukerji  98 
#Clavipalpis Gp sp No 1  87
#Clavipalpis Gp sp No 2  88
#Clavipalpis Gp sp No 3  90
#Clavipalpis Gp sp No 4  93
#Clavipalpis Gp sp No 5  96
#Clavipalpis Gp sp No 6  99
#Clavipalpis Gp sp No 7  100
#Clavipalpis Gp sp No 8  102
#Clavipalpis Gp sp No 9  104
#Clavipalpis Gp sp No 10  105
#Clavipalpis Gp sp No 11  106
#Clavipalpis Gp sp No 12  107
#Clavipalpis Gp sp No 13  108
#Clavipalpis Gp sp No 14  109
#Clavipalpis Gp sp No 15  110
#Clavipalpis Gp sp No 16  111
#Clavipalpis Gp sp No 17  112
#Clavipalpis Gp sp No 18  114
#Clavipalpis Gp sp No 19  115
#Clavipalpis Gp sp No 20  118
cordiger Macfie  160
cordiger (dark wing form)  161
coronalis Lee & Reye  119
#Coronalis Gp sp No 1  120
costalis Tokunaga  121
#Costalis Gp sp No 1  123
#Costalis Gp sp No 2  124
#Costalis Gp sp No 3  125
#Costalis Gp sp No 4  126
#Costalis Gp sp No 5  128
crassus Tokunaga  214
culiciphagus  
Wirth & Hubert  54
cuniculus Lee & Reye  239
Checklist	and	index	of	species
*Valid names are in regular font, synonyms in italics; numbers refer to the numbered wing images.
D
daleki Smith & Swaminath  45
delfinadoae  
Wirth & Hubert  270
dikhros Tokunaga  11
dryadeus Wirth & Hubert  202
dubiosum Dyce & Wirth  192
dumdumi Sen & Das Gupta  18 
dycei Lee & Reye  142 
dycei (rare wing  
pattern variant)  143
E
effusus Delfinado  34
ejercitoi Delfinado  177
elizabethae Dyce & Wirth  189
esakii Tokunaga  92
esmoneti Salm  33
F
flavescens Macfie  56
flavidorsalis Tokunaga  293
flavimaculinotalis Tokunaga  97
flavipunctatus Kitaoka  17
flaviscriptus Tokunaga  258
flumineus Macfie  186
fragmentum Tokunaga  12
fragmentum (extreme  
pattern variant)  13
fulbrighti Lee & Reye  220
fulvus Sen & Das Gupta  16
G
gemellus Macfie  26
geminus Macfie  201
gentilis Macfie  27
geocheloneoides 
 Dyce & Meiswinkel  52
gewertzi Causey  60
gladysae  
Kettle Elson & Dyce  68
gladysae  
(wing pattern variant)  69
guttifer (de Meijere)  43
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H
#Haemophoructus sp. No 1  29
#Haemophoructus sp. No 2  30
#Haemophoructus sp. No 3  31
henryi Lee & Reye  227 
henryi  
(wing pattern variant)  228
histrio Johannsen  44
#Hoffmania sp. No 1  32
#Hoffmania sp. No 2  37
#Hoffmania sp. No 3  38
#Hoffmania sp. No 4  42
hollandiensis Tokunaga  166
hornsbyensis Lee & Reye  84
housei Causey  47
hyalinus Tokunaga  116
I
immaculatus Lee & Reye  130
#Immaculatus Gp sp No 1  131
#Immaculatus Gp sp No 2  132
#Immaculatus Gp sp No 3  133
imperceptus Das Gupta   1
inflatipalpis Tokunaga  95
interrogatus Lee & Reye  193
insulanus Macfie  117
J
jacobsoni Macfie  9 
jimmiensis Tokunaga  40
judicandus Bezzi  33
K
kagiensis Tokunaga  47
kiefferi Patton  47
kii Tokunaga  15
kitaokai Tokunaga  9
kusaiensis Tokunaga  135
kyotoensis Tokunaga  15
L
leanderensis Lee & Reye  145
leei Tokunaga  136
lingensis Tokunaga  263
longior Hagan & Reye  179
longiradialis Tokunaga  211
loughnani Edwards  23
lungchiensis Chen & Tsai  33
M
mackayensis Lee & Reye  44
mackerrasi Lee & Reye  196
maculatus (Shiraki)  15
maculipennis (Macfie)  25
maculiscutellaris Tokunaga  223
magnesianus Lee & Reye  160
magnipictus Tokunaga  229
magnimaculatus  
Lee & Reye  239
marginalis Lee & Reye  103
marginatus Delfinado  200
marksi Lee & Reye  137 
marksi  
(wing pattern variant)  138
#Marksi Gp sp No 1  140
#Marksi Gp sp No 2  141
marmoratus (Skuse)  168
mcmillani Lee & Reye  232
megaforticeps Kitaoka  33
meijerei Kieffer  298
melanesiae Macfie  146 
#Melanesiae Gp sp No 1  147
#Melanesiae Gp sp No 2  148
#Melanesiae Gp sp No 3  149
mesopotamiensis Patton  47
micropunctatus Tokunaga  45
mikros Dyce & Meiswinkel  51
minimus Wirth & Hubert  2
molestus (Skuse)  150
#Molestus Gp sp No 1  152
#Molestus Gp sp No 2  153
#Molestus Gp sp No 3  154
#Molestus Gp sp No 4  155
#Molestus Gp sp No 5  157/158
mollis Edwards  173
monothecalis Tokunaga  91
moreensis Lee & Reye  203
multimaculatus Taylor  236 
multimaculatus  
(wing pattern variant)  237
multinotatae Tokunaga  85
murrayi Wirth & Hubert  286
mykytowyczi Lee & Reye  70
N
narrabeenensis  
Lee & Reye  280
nattaiensis Lee & Reye  253
nayabazari Das Gupta  14
neomelanesiae Tokunaga  204
neopalpalis Tokunaga  271
nitens Edwards  28
notatus Delfinado  89
novaguineanus Tokunaga  35
novairelandi Tokunaga  127
nudipalpis Delfinado  7
niigataensis Takahashi  45
O
obscurus  
Tokunaga & Murachi  20 
obscurus (overt pattern)  21
ohmorii Takahashi  41
okumensis Arnaud  1
orestes Wirth & Hubert  39
orientalis Macfie  14
ornatus Taylor  178 
#Ornatus Gp sp No 1  162
#Ornatus Gp sp No 2  163
#Ornatus Gp sp No 3  164
#Ornatus Gp sp No 4  165
#Ornatus Gp sp No 5  169
#Ornatus Gp sp No 6  171
#Ornatus Gp sp No 7  176
#Ornatus Gp sp No 8  180
#Ornatus Gp sp No 9  183
#Ornatus Gp sp No 10  184
oxystoma Kieffer  47
oxystoma Kieffer  
(wing pattern variant)  48
oxystoma Kieffer  
(wing pattern variant)  49
P
palauensis Tokunaga  296
pallidimaculosus Tokunaga  259
pallidizonatus Tokunaga  294
pallidothorax Lee & Reye  215
palpifer Das Gupta & Ghosh  57
palpalis Lee & Reye  250
pampangensis Delfinado  182
pangkorensis  
Wirth & Hubert  175
papuae Tokunaga  89
papuensis Tokunaga  170
parabubalus Wirth & Hubert 36
paragarciai Dyce  187
parvimaculatus  
Lee & Reye  139
parviscriptus Tokunaga  101
pattoni Kieffer  47
paulipictus Tokunaga  225
peliliouensis  
Tokunaga & Esaki  177
peregrinus Kieffer  33
perornatus Delfinado  85
petersi Tokunaga  261 
petersi  
(wing pattern variant)  262
philippinensis Kieffer  33
platiradius Tokunaga  94
polynesiae Wirth & Arnaud 122
praesignis Delfinado  167
pseudopalpalis  
Wirth & Hubert  252
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#Trithecoides sp No 2  61
#Trithecoides sp No 3  62
trizonatus Tokunaga  295
U
unisetiferus Tokunaga  9
#Unplaced sp No 1  290
#Unplaced sp No 2  291
#Unplaced sp No 3  292
V
victoriae Macfie  
(type locality)  240
victoriae  
(trilobed wing form)  245
victoriae  
(East Papua wing form)  249
victoriae (New South Wales 
‘magnimaculatus’  
wing form)  242
victoriae  
(New South Wales  
wing variant)  247/248
victoriae  
(N Queensland form)  241
victoriae  
(SE New South Wales  
wing form)  243
victoriae  
(Tasmania wing form)  244
victoriae (Western Australia  
wing variant)  246
#Victoriae Gp sp No 1  205
#Victoriae Gp sp No 2  210
#Victoriae Gp sp No 3  212
#Victoriae Gp sp No 4  213
#Victoriae Gp sp No 5  216
#Victoriae Gp sp No 6  217
#Victoriae Gp sp No 7  218
#Victoriae Gp sp No 8  219
#Victoriae Gp sp No 9  221
#Victoriae Gp sp No 10  222
#Victoriae Gp sp No 11  226
#Victoriae Gp sp No 12  230
#Victoriae Gp sp No 13  233
#Victoriae Gp sp No 14  235
#Victoriae Gp sp No 15  238
pseudostigmaticus  
Tokunaga  144
punctigerus Tokunaga  47
pungens Kieffer  20
pungens de Meijere  20
purus Lee & Reye  188
pygmaeus Tokunaga  50
Q
quadratus Tokunaga  33
quaterifasciatus Tokunaga  172
queenslandae Wirth  190
R
rabauli Macfie  195
radicitus Delfinado  6
robertsi Lee & Reye  6
S
sabroskyi Tokunaga  185
samoaensis  
Wirth & Arnaud  174
schultzei (Enderlein)  47 
semicercum Tokunaga  269
shermani Causey  199
#Shermani Gp sp No 1  197
#Shermani Gp sp No 2  198
shimai (Sasaki)  45
sigaensis Tokunaga  15
sigmoidus Lee & Reye  285
smeei Tokunaga  288
subimmaculatus  
Lee & Reye  156
submagnesianus Tokunaga  151
suborientalis Tokunaga  15
sugimotonis Shiraki  45
sumatrae Macfie  41
superfulvus Das Gupta  6
T
tainanus Kieffer  15
tripallidus Tokunaga  79
tritenuifasciatus Tokunaga  224
#Trithecoides sp No 1  59
W
wadai Kitaoka  4
waringi Lee & Reye  234
williwilli Lee & Reye  267
#Williwilli Gp sp No 1  254
#Williwilli Gp sp No 2  255
#Williwilli Gp sp No 3  256
#Williwilli Gp sp No 4  257
#Williwilli Gp sp No 5  260
#Williwilli Gp sp No 6  264
#Williwilli Gp sp No 7  265
#Williwilli Gp sp No 8  266
#Williwilli Gp sp No 9  268
#Williwilli Gp sp No 10  272
#Williwilli Gp sp No 11  273
#Williwilli Gp sp No 12  274
#Williwilli Gp sp No 13  275
#Williwilli Gp sp No 14  276
#Williwilli Gp sp No 15  277
#Williwilli Gp sp No 16  278
#Williwilli Gp sp No 17  279
#Williwilli Gp sp No 18  281
#Williwilli Gp sp No 19  282
#Williwilli Gp sp No 20  283
#Williwilli Gp sp No 21  284
#Williwilli Gp sp No 22  287
#Williwilli Gp sp No 23  289
X
xanthoceras Kieffer  299
Y
yasumatsui Tokunaga  263
yoshimurai Tokunaga  113
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Chapter 3. 
 
Bellis, G.A. & Dyce, A.L. (2011). Marksomyia, a new subgenus of Culicoides 
Latreille (Diptera: Ceratopogonidae) from the Australasian biogeographic 
region with descriptions of two new species. Zootaxa 3014: 35–38. 
This chapter contributes to aim 3 of the thesis. Candidate Glenn Bellis 
contributed 40% to the research and 90% to the writing and editing. Author 
Alan Dyce contributed 60% to the research and 10% to the writing and 
editing. 
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Marksomyia, a new subgenus of Culicoides Latreille (Diptera: Ceratopogonidae) 
from the Australasian biogeographic region with descriptions of two new species
GLENN BELLIS1 & ALAN DYCE2
1Australian Quarantine and Inspection Service, PO Box 37846, Winnellie, NT, Australia, 0821. E-mail: glenn.bellis@aqis.gov.au
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Abstract
Marksomyia is proposed as a new subgenus of the genus Culicoides Latreille to embrace six species from Australia and
New Guinea. Comparative descriptions of males and females of C. zentae sp. nov. and C. kayi sp. nov., pupae of C. zentae
and redescriptions of C. marksi Lee & Reye, C. dycei Lee & Reye, C. parvimaculatus Lee & Reye and C. pseudostigmat-
icus Tokunaga are presented together with distributional data and keys for their specific determination. The designated
type species of the subgenus is C. marksi. Marksomyia is further subdivided into three species complexes based on the
shape and sclerotisation of the spermathecae.
Key words: Biting midges, Australasia, Culicoides marksi, Culicoides dycei, Culicoides parvimaculatus, Culicoides
pseudostigmaticus, Culicoides zentae, Culicoides kayi
Introduction
While male genitalia generally are considered diagnostic for subgeneric taxa of Culicoides Latreille, the number of
functional spermathecae is recognised to be of systematic significance (Khalaf 1954; Wirth & Hubert 1959; Atch-
ley 1970). Currently five subgenera have been described where three spermathecae are a diagnostic feature; no
other subgenera include species with three spermathecae.
Within groups that have three spermathecae, variability is seen in the degree of sclerotisation of the spermathe-
cae. Thus, Khalaf (1954) erected the subgenus Selfia Khalaf based partly on the lack of sclerotised spermathecae.
Atchley (1970), using a combination of morphological characters and biological information, confirmed the valid-
ity of Selfia but noted that included species possess three spermathecae, variably unsclerotised or partially sclero-
tised. The Palaearctic subgenus Pontoculicoides Remm also includes species with varying degrees of sclerotisation
of the three spermathecae, but characters of the male genitalia serve to separate clearly this subgenus from Selfia.
Wirth & Hubert (1959) proposed subgenus Trithecoides Wirth & Hubert to accommodate species from the Oriental
and Afrotropical regions which differ from Selfia in many respects including the full sclerotisation of the three
spermathecae. More recently Chu (1983) erected two new subgenera, viz Jilinicoides Chu and Sinocoides Chu, to
accommodate a number of Chinese species with three fully sclerotised spermathecae. Unfortunately, males of these
species are unknown so the correct systematic placement of these two subgenera is difficult to assess.
Within the Australasian region, relatively few species with three spermathecae have been recognised. Seven of
these (three undescribed) were regarded by Dyce et al (2007) as belonging to subgenus Trithecoides, while the
remaining six, viz C. marksi Lee & Reye, C. dycei Lee & Reye, C. parvimaculatus Lee & Reye, C. pseudostigmat-
icus Tokunaga, as well as two undescribed species, were not placed to subgenus but were grouped together as the
Marksi group.
In this paper a new subgenus, Marksomyia, is proposed to accommodate the Marksi group sensu Dyce et al
(2007). Redescriptions of C. marksi, C. dycei, C. parvimaculatus and C. pseudostigmaticus and descriptions of two
new species belonging to Marksomyia are provided. 
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Material and methods
This study is based on slide–mounted specimens lodged in the Australian National Insect Collection, Canberra,
ACT, Australia (ANIC), the Australian Quarantine and Inspection Service, Northern Territory, Australia
(AQISNT) and the Bogor Animal Health Research Institute, Bogor, Java, Indonesia (BALITVET).
Pupae were collected in the field and reared using techniques outlined by Howarth (1985) excepting that pupae
were floated out of substrate in saturated sucrose solution, thus producing a specific adult associated with a pupa
which were both mounted onto a single slide following techniques described by Nevill & Dyce (1994). The
descriptive format for adults used herein follows that of Dyce & Meiswinkel (1995) while that for pupae follows
Kettle & Elson (1975). The wing length:width ratio is the ratio of wing length to maximum width measured per-
pendicular to the costa at the level of the distal margin of the second radial cell. Terms for antennal sensilla follow
Wirth & Navai (1978) with the following abbreviations: SCo, sensilla coeloconica; STl, long, blunt–tipped sensilla
trichodea; STc, short, blunt–tipped sensilla trichodea and SCh, sensilla chaetica. Antennomeres are numbered in
text and tables from base to apex in Arabic numerals. Distribution of SCo, STl and STc are given as Arabic numer-
als representing the segment on which sensilla occur, where sensilla are both present or absent on a given segment
the relevant segment number is bracketed. 
Species descriptions are accompanied by tables of antennal data (Table 1 for female data, Table 2 for male
data) and numerical data (Table 3 for female and Table 4 for male data).
Political regions are abbreviated as: New South Wales, NSW; Queensland, Qld; Northern Territory, NT; West-
ern Australia, WA; and PNG, Papua New Guinea. For the purposes of this paper, New Guinea includes Papua New
Guinea and outlying islands and the Indonesian provinces of Papua and Irian Jaya Barat.
Genus Culicoides Latrielle, 1809: 251
Type species: Culicoides punctatus Latreille (= Ceratopogon punctatus Meigen), by monotypy.
Subgenus Marksomyia subg nov.
Type species: Culicoides marksi Lee and Reye 1953: 392. by present designation.
Diagnosis. Adults. Small to medium sized with relatively broad wings characterised by three pale spots distally in
cell R5 (one anterior and two posterior) and three developed spermathecae which are incompletely sclerotised.
Female. Eyes separated by width of one facet or less, bare (excepting C. pseudostigmaticus which has a nar-
row transverse band of short interfacetal hairs). Cibarium unarmed. Antennomeres short, gradually increasing in
length from 4–15, distals 11–15 not markedly longer than basals 4–10; SCo always present subapically on antenno-
meres 3, 11–15, present in groups if there is more than one per antennomere, although antennomere 3 often with
three SCo on one side and one SCo on the opposite side of the segment, distribution of SCo on proximal antenno-
meres varies between species; SCh in basal whorls of five or six on 4–10, usually reduced to two or three on 11–15,
single short SCh present apically on 15; two or (rarely) three STl on each of antennomeres 4–10, approximately
equal in length to SCh, a single short STc on antennomeres 4–10 (absent on 10 in C. zentae). Palpus with five seg-
ments, segment 3 moderately swollen with shallow rounded or irregular sensory pit on distal half. Mesonotum
brown, lacking distinct pale pattern; legs with knees dark with prominent pale bands apically on femora and basally
on tibiae; tibial comb with four (rarely five) spines, that nearest the spur longest, claws simple. Wing short, dis-
tinctly patterned, radial cells R1 and R2 short, latter ending in poststigmatic pale spot, costa short, veins moderately
fuscous; pattern comprised of numerous pale spots, typically three in cell R5 beyond post stigmatal; pale spot pres-
ent over r–m crossvein and another overlaying vein M1 directly behind poststigmatic spot; pale areas in wing cen-
tre often extensive, separated by narrow fuscous stripes, centre rarely dark; cell M4 with one or two pale spots,
marginal one rounded, anterior spot (where present) either rounded or cupping marginal spot; anal angle usually
dark with pair of distal pale spots with another overlaying anal and cubital veins half way along; vein tips not
included in a pale spot. Three developed spermathecal bodies, incompletely sclerotised or unsclerotised, sometimes
with necks strongly sclerotised, sclerotised ring present.
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Male. Eyes bare (excepting C. pseudostigmaticus which has a narrow transverse band of short interfacetal
hairs). Palpus with five segments, segment 3 moderately swollen with shallow rounded or irregular sensory pit on
distal half. Antennae with antennomeres 4–12 each bearing an oblique row of plume verticils curving apically
across each segment; SCh present in basal whorls on antennomeres 3, 13 and 14, rarely on 15, single short SCh
present apically on 15; SCo distribution 3, 13–15, in some species also on 4, 11 or 12. Two STl always present on
3–6, one STl present on 7 of most species but STl usually absent on 8–12 (excepting C. parvimaculatus), single
STc on 4–6, also on 7–10 in some species, rarely on 11 or 12. Wings of all species with similar pattern to conspe-
cific females although pale spots tend to coalesce more than occurs in females. Genitalia with ninth tergite short
and rounded; caudal margin entire between tiny post lateral processes each armed with short terminal hair; gono-
coxite short, broad, with simple roots arising from broad common basal extension, ventral root often reduced to
fine point or rounded projection, dorsal root elongate and moderately stout; gonostylus broad at base, evenly
curved, narrowing gradually to a pointed tip. Ninth sternite short, caudomedian excavation deep and broad; spicu-
lae, when present, sometimes extending to anterior area of membrane or may be discontinuous with a medial gap.
Aedeagus with deep, broad basal arch more or less in shape of horseshoe, shoulders unarmed; distal process short,
usually ending in a rounded expansion. Parameres separate or weakly joined, with basal arms divergent and angled
sharply to weakly swollen stem lacking ventral lobe narrowing gradually to simple sharp–tipped distal portion that
may be directed more or less straight back or curved lateroventrad with a slightly deflected tip.
Immatures. Pupae with cylindrical prothoracic horns bearing 1–4 lateral and 4–8 terminal respiratory pores,
annulations present, scales present or absent. Operculum bearing short thorns. Abdomen relatively smooth with
narrow bands and small patches of spiculae only, caudal segment with posterolateral spines directed distolaterad.
Larvae with short sclerotised head capsule, body hairs short.
Larval habits and biology. Free swimming larvae have been recovered from margins of freshwater streams or
ponds or brackish artesian bore water drains and coastal estuarine habitats.
World distribution. Known only from Australia and New Guinea.
Etymology. This subgenus in named in honour of Dr. Elizabeth N. Marks in recognition of her extensive con-
tributions to medical entomology in Australia.
Remarks. Marksomyia can be distinguished from all but five existing subgenera of Culicoides by the presence
of three functional spermathecae. In relation to the remaining five subgenera, it differs from Selfia by lacking fused
parameres, having a long narrow aedeagus and having SCo on distal antennomeres of both sexes . The aedeagus of
Pontoculicoides is similar to that of Marksomyia although Pontoculicoides species lack SCo on distal antennom-
eres, have a bifid dorsal root on the gonocoxite and have simple rod-like parameres which are quite different from
the medially convergent parameres of Marksomyia. The remaining three subgenera Trithecoides, Jilinicoides and
Sinocoides all have fully sclerotised spermathecae and wing patterns inconsistent with those of Marksomyia.
Key to females of species of Culicoides (Marksomyia)
1. Spermathecae totally desclerotised (fig 38) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .dycei
- Spermathecae partially sclerotised (fig 33–37) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2. Spermathecae partially or almost completely sclerotised, rounded (fig 33–34) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3
- Spermathecae pear shaped, with only necks sclerotised (fig 35–37)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4
3. Wings with two pale spots in cell M4 (fig 25, 26)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . marksi
- Wings with one pale spot in cell M4 (fig 27)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . pseudostigmaticus
4. On antennae, SCo absent from basal antennomeres 4–10  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  parvimaculatus
- On antennae, SCo present on at least 9 or 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
5. On antennae, SCo distribution 3(4–9)11–15; 15 with two or three SCh. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . zentae
- On antennae, SCo distribution 3(8,9)10–15; 15 with at least five SCh  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .kayi
Key to males of species of Culicoides (Marksomyia)
1. Wing cell M4 with single pale spot (fig 52, 56) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
- Wing cell M4 with two pale spots (fig 51, 53–55) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2. Shoulders of aedeagus of similar thickness to basal arms (fig 50); parameres separate throughout (fig 50) . . . . . . . . . . . . .dycei
- Shoulders of aedeagus distinctly thicker than basal arms (fig 46); parameres weakly joined near base (fig 46)  . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . pseudostigmaticus
3. In genitalia, membrane of ninth sternite not spiculate medially, ventral root of gonocoxite not developed (fig 45, 47)  . . . . . . 4
- In genitalia, membrane of ninth sternite spiculate medially, ventral root of gonocoxite well developed (fig 48, 49) . . . . . . . . . 5
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4. Parameres curved laterad almost at 90° apically, medially with triangular excavation (fig 47), proximal pale spot in M4 ovoid
to triangular (fig 53)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . zentae
- Parameres angular and bent maximally at 45° apically, medially entire (fig 45), proximal spot in M4 usually boomerang
shaped (fig 51). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  marksi
5. Basal arms of parameres rounded, roughly parallel or converging apically, meeting body of paramere along basal edge at an
angle close to 90° (fig 49)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  parvimaculatus
- Basal arms of parameres almost straight, divergent apically, meeting body of paramere along basal edge at an angle of about
135° (fig 48) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kayi
Culicoides marksi Lee & Reye
(Figs, 1, 7, 13, 19, 25, 26, 33, 39, 45, 51)
Culicoides marksi Lee & Reye 1953: 392
Type material examined. Holotype female: Australia, NSW, Yagobie 3.Dec.1951, Light trap, AL Dyce (ANIC).
Allotype: same data as holotype (ANIC). Paratypes: same data as holotype (2 males, 9 females, all ANIC).
Non-type material examined. Australia, NSW, Yetman, 22.ii.63, A.L. Dyce & M.D. Murray (10 females, 10
males ANIC).
Diagnosis. Wing with 2 pale spots in cell M4, anterior spot boomerang shaped. Female with SCo distribution
3, 11–15, six SCh on 4–10, two on 11–15; spermathecae subspherical with proximal half non-sclerotised. Male
with SCo distribution 3, 13–15, STl distribution 3–7,(8–9), STc distribution 4–10,(11–12); five SCh on 14; apical
half of parameres straight, ventral membrane of ninth sternite bare. Pupal abdomen with paired lateral spines only
on lpm and lasm, thorax with single lateral spine on di and dii; prothoracic horn covered with scales.
Female. Head. Eyes bare, separated by a distance of one facet or less (Fig 1), proboscis short. Palpus (fig 7)
brown with five segments, segment 3 expanding apically then abruptly narrowed beyond a round, shallow sensory
pit with several protruding capitate sensilla. Antennomeres (Fig 13) 4–10 barrel shaped, 11–15 cylindrical, short.
Thorax. Legs (fig 19) dark brown with dark knees, all femora pale from base to about midlength and with con-
spicuous pale subapical band, all tibiae with pale subbasal band and broadly pale subapically, tarsi pale. Wing (fig
25) strongly patterned with three pale spots in cell R5, the two proximal spots rarely reduced or absent (fig 26), two
pale spots present in cell M4, proximal one boomerang shaped. 
Abdomen. Three developed ovoid, similar-sized spermathecae, proximal half not sclerotised, ducts short (fig
33); sclerotised ring wider than long.
Male. Head. Eyes bare. Palp similar to female with shallow pit on segment 3. Antenna (Fig 39) with 2 rows of
plume verticils on segment 3, single row on 4–12; antennomeres 13–15 elongate, subcylindrical and narrow.
Genitalia. (Fig 45) Ninth tergite with caudal margin convex. Ninth sternite with shallow caudomedial excava-
tion, ventral membrane bare. Gonocoxite rectangular, longer than wide, dorsal root long and simple; ventral root
reduced to a short point or rounded. Gonostylus slender, distally curving gently to a pointed apex. Aedeagus with
distal process short with a rounded mushroom-shaped expansion apically. Parameres separate, with simple basal
arms angled sharply to weakly swollen stem narrowing gradually to simple, sharp-tipped distal portion directed
slightly lateroventrad.
Immatures. Fourth instar larvae and pupae of this species were adequately described by Kettle & Elson
(1976).
Distribution. (fig 63) all states of Australia and Western Province of PNG.
Biology. Debenham (1978) summarised the known biology of this species. Immature stages live in the margins
of water bodies, pupae float on the surface, unable to submerge. Adults feed on mammals and birds and have been
implicated in the transmission of nine viruses. Adults are active mostly at dawn and dusk (Bellis et al. 2004).
Remarks. Male and female specimens of this species can be distinguished from C. dycei and C. pseudostig-
maticus by the presence of two pale spots in cell M4 and from all other members of the group by the boomerang-
shaped proximal spot in cell M4 of the wing. C. marksi may additionally be separated from species with two pale
spots in cell M4 by the shape of the spermathecae in the female and by the bare membrane on the ninth sternite of
the male. Pupae can be distinguished from C. parvimaculatus by the lateral spurs on all lpm tubercles from C. zen-
tae by the lack of paired spines on dasm, dpmiv and dpmv and thoracic tubercules di and dii and from C. dycei by
the presence of scales on the prothoracic horn. Immature stages of the remaining two species of Marksomyia are
not known.
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FIGURES 1–6. Eye separation of female Culicoides (Marksomyia) species. 1. C. marksi Lee & Reye. 2. C. pseudostigmaticus
Tokunaga. 3. C. zentae Bellis & Dyce sp. nov. 4. C. kayi Bellis & Dyce sp. nov. 5. C. parvimaculatus Lee & Reye. 6. C. dycei
Lee & Reye.
Culicoides pseudostigmaticus Tokunaga
(Figs 2, 8, 14, 20, 27, 34, 40, 46, 52)
Culicoides pseudostigmaticus Tokunaga 1959:234.
Non-type material examined. PNG, DPI Stn Urimo, NG, 2–3.Dec.1977, B. Kadeu (3 females ANIC); East Sepik
Prov., Wirul Mission via Weewak, 3°34.692'S, 143º38.767'E, 22.Oct.2007, LT, A.Rice (1 male, 4 females
AQISNT); Balamuk, 8º54.34'S, 141º16.584'E, 3–7.Oct.2007, LT, J.Schmidt (1 female AQISNT); Indonesia, Irian
Jaya (Papua), Jayapura, 23.Oct.1989, Sukarsih (1 female BALITVET); Jayapura, 6.Nov.1989, Sukarsih, 1 female;
Jayapura, 25.Sep.1989, Sukarsih (1 male BALITVET).
Diagnosis. Wing with single pale spot in cell M4. Female with SCo distribution 3, 11–15, six SCh on 4–7, four
to five SCh on 8–10, single SCh on 11–14, SCh absent from 15; spermathecae subspherical with proximal half non-
sclerotised. Male with apical half of parameres slightly curved laterad, ventral membrane of ninth sternite spicu-
late.
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FIGURES 7–12. Female Culicoides (Marksomyia) species. 7. C. marksi Lee & Reye, mandibular teeth and palp. 8. C. pseu-
dostigmaticus Tokunaga, mandibular teeth and palp. 9. C. zentae Bellis & Dyce sp. nov., mandibular teeth and palp. 10. C. kayi
Bellis & Dyce sp. nov., mandibular teeth and palp. 11. C. parvimaculatus Lee & Reye, mandibular teeth and palp. 12. C. dycei
Lee & Reye, mandibular teeth and palp.
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FIGURES 13–18. Antennae of female Culicoides (Marksomyia) species. 13. C. marksi Lee & Reye, antennal segment 6 and
antenna. 14. C. pseudostigmaticus Tokunaga. 15. C. zentae Bellis & Dyce sp. nov. 16. C. kayi Bellis & Dyce sp. nov. 17. C.
parvimaculatus Lee & Reye. 18. C. dycei Lee & Reye.
Female. Head. Eyes bare except for a weak band of interfacetal hairs medially, separated by a distance of at
least one facet (Fig 2), proboscis short. Palpus pale brown with five segments (fig 8), segment 3 expanding apically
then abruptly narrowed beyond an irregular, shallow sensory pit with several protruding capitate sensilla. Antenno-
meres (fig 14) 4–10 barrel shaped, 11–15 cylindrical, short.
Thorax. Legs (fig 20) dark brown with dark knees, fore & mid femora pale basally and with conspicuous api-
cal pale band, hind femora dark brown with less conspicuous apical pale band; all tibiae with distinct basal pale
band. Wing (fig 27) strongly patterned with a single pale spot in cell M4. 
Abdomen. Three developed, ovoid spermathecae partially to almost completely sclerotised, ducts short; scle-
rotised ring tapered (Fig 34).
Male. Head. Eyes bare except for a weak band of interfacetal hairs medially. Palpus similar to female with a
shallow pit on segment 3. Antenna (Fig 40) of specimens examined partially feminised with all antennomeres fully
independent and lacking the oblique row of plume verticils present in males of other species of Marksomyia; anten-
nomeres 3–10 broader than antennomeres 11–15 with gradual increase in length from basal to distal antennomeres.
SCh of two distinct types, 3–10 with basal whorl of five to eight very long SCh resembling plume aristae, 11–14
with basal whorl of two to four short SCh resembling those present on distal antennomeres of males of other spe-
cies of Marksomyia. Non-plume SCh on 3 reaching to antennomere 7 or 8. 
Genitalia. (fig 46) Ninth tergite with caudal margin convex. Ninth sternite with moderately deep, caudomedial
excavation, ventral membrane with a continuous narrow band of spicules across its anterior margin. Gonocoxite
short and broad with dorsal root long and simple; ventral root reduced to a short, stout point. Gonostylus slender,
distally curving gently to a pointed apex. Aedeagus with shoulders thicker than basal arms and almost perpendicu-
lar to distal process; distal process short with a rounded expansion. Parameres weakly joined, with straight basal
arms angled sharply to weakly swollen stem lacking ventral lobe narrowing gradually to simple sharp-tipped distal
portion curved lateroventrad.
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FIGURES 19–24. Female Culicoides (Marksomyia) species 19. C. marksi Lee & Reye, legs and tibial comb. 20. C. pseu-
dostigmaticus Tokunaga, legs and tibial comb. 21. C. zentae Bellis & Dyce sp. nov., legs and tibial comb. 22. C. kayi Bellis &
Dyce sp. nov., legs and tibial comb. 23. C. parvimaculatus Lee & Reye, legs and tibial comb. 24. C. dycei Lee & Reye, legs and
tibial comb.
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FIGURES 25–32. Wings of female Culicoides (Marksomyia) species. 25. C. marksi Lee & Reye. 26. C. marksi Lee & Reye,
rare aberrant wing pattern. 27. C. pseudostigmaticus Tokunaga. 28. C. zentae Bellis & Dyce sp. nov. 29. C. kayi Bellis & Dyce
sp. nov. 30. C. parvimaculatus Lee & Reye. 31. . C. dycei Lee & Reye 32. C. dycei Lee & Reye, rare aberrant wing pattern.
Immatures. unknown.
Distribution. New Guinea.
Biology. Unknown.
Remarks. While feminisation of the male antenna is not unknown within the genus Culicoides (Dyce 1996), it
is possible that the male specimens of C. pseudostigmaticus examined in this study are in fact intersexes. This con-
dition is observed occasionally in field collected material and is often caused by infestation with mermithid para-
sites (Poinar & Sarto i Monteys 2008). No such parasites were observed in the specimens examined herein. These
specimens are the only males known for this species and for this reason they were described herein although we
acknowledge that they may not represent the normal morphology of the male of this species. 
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Male and female specimens of C. pseudostigmaticus can be distinguished from all other Marksomyia excepting
C. dycei by the single pale spot in cell M4. See comments under C. dycei for other distinguishing features. 
Culicoides zentae Bellis & Dyce sp. nov.
(Figs 3, 9, 15, 21, 28, 35, 41, 47, 53)
Type material. Holotype female, Australia Qld, Gilruth, Bore drain, sweep net, sunset, 26.vii.1963, A.L. Dyce (
female, ANIC). Paratypes: Australia, Qld, Gilruth, Light trap, Bore drain, 26.vii.1963, A.L. Dyce & M.D. Mur-
ray (9 females 1 male ANIC); Charleville, 20.ii.1969, Truck trap run 18.30–19.00 hrs, I. Fanning & B. Kay (8
males ANIC); Charleville, 18.ii.1969, Wallal Bore, A.L. Dyce, (5 females, 1 male and associated pupae, ANIC);
NT, Vic River Research Station, 16°24’S, 131°01’E, 28.x.2003, D. Cherry L.T. 03-1615 (1 female AQISNT).
Diagnosis. Wing with 2 pale spots in cell M4, anterior spot rounded or triangular. Female with SCo distribu-
tion 3, (4–6),7,(8),9,11–15, six SCh on 4–10, two to three on 11–15; spermathecae with unsclerotised, pear-shaped
body and short, sclerotised necks. Male with SCo distribution 3, (4),13–15; STl distribution 3–6; STc distribution
4–6; six or seven SCh on 14; apical half of parameres strongly curved laterad and with triangular excavation medi-
ally, ventral membrane of ninth sternite with spicules present laterally, medially bare. Pupal abdomen with paired
lateral spines on lpm, lasm and dasm, thorax with paired lateral spines on di. dii and div; prothoracic horn with
scales covering basal third.
Female. Head. Eyes separated by a distance of about one facet (Fig 3); proboscis short. Palpus (fig 9) brown
with five segments, segment 3 expanding apically then abruptly narrowed beyond a round, shallow sensory pit with
several protruding capitate sensilla. Antennomeres (fig 15) 4–10 barrel shaped, 11–15 cylindrical, short. 
Thorax. Legs (fig 21) dark brown with dark knees, all femora pale from base to about midlength and with pale
subapical band, all tibiae with pale sub basal band and broadly pale subapically (less obvious on mid tibiae), tarsi
pale. Wing (fig 28) strongly patterned with two ovoid to triangular pale spots in cell M4.
Abdomen. Three developed, pear-shaped spermathecae, unsclerotised and difficult to see in most specimens
but necks strongly sclerotised and conspicuous (fig 35), ducts short, about as long as spermathecae; sclerotised ring
tapering posteriorly.
Male. Head. Eyes bare. Palpus similar to female with shallow pit on segment 3. Antenna (Fig 41) with single
row of plume verticils on antennomeres 3–12; antennomeres 13–15 elongate subcylindrical and narrow.
Genitalia. (fig 47) Ninth tergite with caudal margin slightly convex. Ninth sternite with deep, U shaped caudome-
dial excavation, spicules confined to two posterior lateral patches. Gonocoxite short and broad, longer than wide,
dorsal root long and simple; ventral root reduced to rounded point. Gonostylus slender, distally curving gently to a
pointed apex. Aedeagus with distal process short with a slight apical rounded expansion. Parameres separate, with
triangular excavation near base, basal arms roughly parallel, stem weakly swollen narrowing gradually to simple
sharp-tipped distal portion curved lateroventrad to almost 90°.
Immatures. Larvae: unknown
Pupa. Head. (fig 60): Setae vm and vl with each group consisting of a long and a short seta; am (fig 61) large
tubercule bearing a blunt spur, a stout seta and a sensillum; ad (fig 61) a large tubercule with a pair of unequal,
stout setae.
Operculum. (fig 61): A single row of bluntly pointed thorns along lateral margins posterior to lateral angles,
extending to about ¾ of operculum length; two groups of thorns either side of midline posterior to each am, nar-
rowly connected anteriorly; oval structures between lateral rows of thorns extending between am’s to anterior mar-
gin.
Thorax. (fig 57): Tubercules di, dii, and div with two pointed lateral spines and a stout seta; diii ridged with a
small seta; dm a long, thin seta; dl long thin seta and short stout seta on protuberant base.
Prothoracic horn. (fig 62): Pigmented throughout but darker near base, on lateral tubercules and in distal
third; folds and sharply pointed scales on basal third. Four to six (mean 5.18) terminal and one to three (mean 2)
lateral spiracular openings.
Abdomen. (fig 58): Setae dpm i, iv and v with paired spines and stout setae, seta on i much shorter than on iv or
v; ii and iii ridged tubercules with one rounded spine and no setae. lpm all with paired sharply pointed spurs, i and
iii with short stout seta, ii with long thin seta; V ridged tubercules, i with short seta, ii and iii with long thin seta;
dasm with paired rounded spines and long (i) or short (ii) seta; lasm similar to lpm. Anterior band of spicules pres-
ent dorsally and ventrally but absent laterally.
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FIGURES 33–38. Female Culicoides (Marksomyia) species. 33. C. marksi Lee & Reye, spermathecae and genital sclerotisa-
tion. 34. C. pseudostigmaticus Tokunaga, spermathecae and genital sclerotisation. 35. C. zentae Bellis & Dyce sp. nov., sper-
mathecae and genital sclerotisation. 36. C. kayi Bellis & Dyce sp. nov., spermathecae and genital sclerotisation. 37. C.
parvimaculatus Lee & Reye, spermathecae and genital sclerotisation. 38. C. dycei Lee & Reye, spermathecae and genital scle-
rotisation.
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FIGURES 39–44. Antennae of male Culicoides (Marksomyia) species. Plume aristae are not shown although attachment bases
are indicated where present. 39. C. marksi Lee & Reye. 40. C. pseudostigmaticus Tokunaga. 41. C. zentae Bellis & Dyce sp.
nov. 42. C. kayi Bellis & Dyce sp. nov. 43. C. parvimaculatus Lee & Reye. 44. C. dycei Lee & Reye.
Caudal segment. (fig 59): Encircling band of spicules anteriorly; median group of v-shaped spicules dorsally;
apicolateral processes pigmented distally with spicules scattered over surface.
Etymology. This species is named for the late Ms. Zenta Liepa, formerly of CSIRO. Division of Entomology,
in recognition for her assistance with the curation of Diptera at ANIC.
Distribution. (fig 65) Northern and eastern Australia, more common in drier, inland areas.
Biology. Pupae examined in this study were collected from the muddy margins of a 5x3m pond constantly fed
by warm, subterranean water. Adults are often collected in light traps suggesting a crepuscular or nocturnal activity.
Muller et al. (1981) reported this species (as C. McMaster sp121) feeding on marsupials.
Remarks.. The adult morphology of this species is very similar to that of C. parvimaculatus but pupal mor-
phology is markedly different indicating the usefulness of pupal morphology in defining species.
Males of this species can be distinguished from those of other members of Marksomyia by the triangular exca-
vation on the medial part of the parameres. Females can be distinguished by the distribution of antennal SCo.
Pupae can be distinguished from those of other species of Marksomyia by the paired, sharp lateral spines on
abdominal tubercules dasm, dpmiv and dpmv and thoracic tubercules di and dii.
The wing of this species was illustrated by Dyce et al (2007) under the name Marksi gp sp no 1.
Culicoides kayi Bellis & Dyce sp. nov.
(Figs 4, 10, 16, 22, 29, 36, 42, 48, 54)
Type material examined. Holotype Australia, WA, Collie-Darkam Rd, trucktrap, 1910–1940 hr, 29.x.1985, A.L.
Dyce (female, ANIC). Paratypes, same data as holotype (8 females, 2 males ANIC); Collie-Darkam Rd, trucktrap,
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1840–1910 hr, 29.x.1985, A.L. Dyce & W.W. Wirth (2 males ANIC); Young R, 13km N by W Shoalcape, 20–
21.ix.1981, I.D. Naumann & J.C. Cardale, (1 female ANIC); 19km SSW of Grass Patch, 19–20.ix.1981, I.D. Nau-
mann & J.C. Cardale (1 female ANIC).
Diagnosis. Wing with 2 pale spots in cell M4, anterior spot rounded or triangular. Female with SCo distribu-
tion 3,(8–9),10–15, six to seven SCh on 4–10, two to three on 11–15; spermathecae with unsclerotised, pear-shaped
body and short, sclerotised neck. Male with SCo distribution 3, (9),13–15; STl distribution 3–6 (7); STc distribu-
tion 4–7,(8–9); about seven SCh on 14; apical half of parameres strongly curved laterad, ventral membrane of ninth
sternite with spicules present laterally, medially bare.
Female. Head. Eyes bare, separated by a distance of less than one facet (Fig 4), proboscis short. Palpus (fig
10) brown with five segments, segment 3 expanding apically then abruptly narrowed beyond a moderately shallow
round pit with protruding capitate sensilla. Antennomeres (fig 16) 4–10 barrel shaped, 11–15 cylindrical, short.
Thorax. Legs (fig 22) dark brown with dark knees, fore and mid femora pale basally and with conspicuous
pale subapical band; hind femur with apical pale band less conspicuous; all tibiae with conspicuous pale sub-basal
band and diffusely pale subapically. Wing (fig 29) strongly patterned with two ovoid pale spots in cell M4.
Abdomen. Three developed, pear-shaped spermathecae, body unsclerotised and difficult to see in most speci-
mens but necks strongly sclerotised and conspicuous, (fig 36). Ducts short, about as long as spermathecae; sclero-
tised ring usually tapered.
Male. Head. Eyes bare. Palpus similar to female with shallow pit on segment 3. Antenna (Fig 42) with single
row of plume verticils on antennomeres 3–12; antennomeres 13–15 elongate subcylindrical and narrow.
Genitalia. (fig 48) Ninth tergite with caudal margin flat to slightly convex. Ninth sternite with deep, U-shaped
caudomedial excavation, ventral membrane with a narrow anterior band of spicules interrupted medially by a nar-
row bare area. Gonocoxite short and broad, longer than wide, dorsal root long; ventral root moderately long, simple
and pointed. Gonostylus slender, distally curving gently to a pointed apex. Aedeagus with distal process short with
a slight apical rounded expansion. Parameres separate, with straight basal arms angled sharply to weakly swollen
stem, narrowing gradually to simple sharp-tipped distal portion curved lateroventrad.
Immatures. Unknown.
Distribution. Known only from the south of WA.
Biology. Unknown. Label data suggests crepuscular adult activity.
Etymology. Named for Dr. Brian Kay in appreciation of his long term collaboration with field studies of midge
biology.
Remarks. This species is very similar to C. parvimaculatus and can be distinguished from other species in
Marksomyia by the same combination of characters as discussed for C. parvimaculatus. Males can be distinguished
from C. parvimaculatus by the straight bases to the parameres which contrast to the curved bases in C. parvimacu-
latus. Females can be distinguished from C. parvimaculatus and C. zentae by the presence of SCo on segment 10.
The wing of this species was illustrated by Dyce et al (2007) under the name Marksi gp sp no 2.
Culicoides parvimaculatus Lee & Reye
(Figs 5, 11, 17, 23, 30, 37, 43, 49, 55)
Culicoides parvimaculatus Lee & Reye 1953:391.
Type material. Holotype, Australia NSW, Leumeah, B. McMillan, 20.10.1951 (female ANIC); Paratypes, 6
females same data as holotype.
Non-type material examined. Warrah Lookout, Bred peaty pond, 19.Aug.1966, A.L. Dyce (3 males, 3 females
and associated pupae, ANIC); Qld, Lansdown, Site 23, 1–7.viii.85, LT, D.S. Gibson (1 male, 1 female ANIC); 2km
S of Horseshoe L/out, Blackdown Tableland, 23–24 Apr.1981, D.H. Colless, (2 females ANIC); Vic, Marlo Plains,
23.xi.65, A.L. Dyce & M.D. Murray (4 males, 1 female ANIC); Marlo Plains, 7.ii.66, A.L. Dyce, (2 females
ANIC).
Diagnosis. Wing with 2 pale spots in cell M4, anterior spot rounded or triangular, all pale spots relatively
small. Female with SCo distribution 3, 11–15, six SCh on 4–10, two to three on 11–15; spermathecae with unscle-
rotised, pear-shaped body and short, sclerotised necks. Male with SCo distribution 3, 13–15; STl distribution 3–
7,(8–10); STc distribution 4–7; about six SCh on 14; apical half of parameres strongly curved laterad, ventral mem-
brane of ninth sternite spiculate. Pupal abdomen with all tubercules lacking spines, thorax with single spine on di
and dii; prothoracic horn with scales covering basal 3/4.
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FIGURES 45–50. Male Culicoides (Marksomyia) species 45. C. marksi Lee & Reye, hypopygium, parameres and aedea-
gus.46. C. pseudostigmaticus Tokunaga, hypopygium, parameres and aedeagus.47. C. zentae Bellis & Dyce sp. nov., hypopy-
gium, parameres and aedeagus.48. C. kayi Bellis & Dyce sp. nov., hypopygium, parameres and aedeagus.49. C.
parvimaculatus Lee & Reye, hypopygium, parameres and aedeagus.50. C. dycei Lee & Reye, hypopygium, parameres and
aedeagus.
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FIGURES 51–56. Wings of male Culicoides (Marksomyia) species. 51. C. marksi Lee & Reye. 52. C. pseudostigmaticus
Tokunaga. 53. C. zentae Bellis & Dyce sp. nov. 54. C. kayi Bellis & Dyce sp. nov. 55. C. parvimaculatus Lee & Reye. 56. C.
dycei Lee & Reye.
Female. Head. Eyes bare, separated by a distance of less than one facet (Fig 5), proboscis short. Palpus (fig
11) brown with five segments, segment 3 expanding apically then abruptly narrowed beyond a shallow irregular pit
with protruding capitate sensilla. Antennomeres (Fig 17) 4–10 barrel shaped, 11–15 cylindrical, short. 
Thorax. Legs (fig 23) dark brown with dark knees, fore and mid femora pale basally and with distinct pale
subapical band; hind femur without distinct pale markings; all tibiae with distinct pale sub-basal band and diffusely
pale subapically. Wing (fig 30) strongly patterned with all pale spots generally smaller compared to other species of
Marksomyia; two ovoid pale spots present in cell M4. 
Abdomen. Three developed, pear-shaped spermathecae, unsclerotised but with strongly sclerotised necks (fig
37); ducts short, about as long as spermathecae; sclerotised ring tubular.
Male. Head. Eyes bare. Palp similar to female with shallow pit on segment 3. Antenna (Fig 43) with single
row of plume verticils on antennomeres 3–12; antennomeres 13–15 elongate subcylindrical and narrow.
Genitalia. (fig 49) Ninth tergite with caudal margin flat to slightly convex. Ninth sternite with deep, U-shaped
caudomedial excavation, ventral membrane a narrow transverse anterior band of spicules. Gonocoxite short and
broad, longer than wide, dorsal root long; ventral root moderately long, simple and pointed. Gonostylus slender,
curving gently distally to a pointed apex. Aedeagus with distal process short with a slight apical rounded expan-
sion. Parameres separate, with distinctly curved basal arms angled sharply to weakly swollen stem lacking ventral
lobe, narrowing gradually to simple sharp-tipped distal portion curved lateroventrad.
Distribution. (fig 67) Eastern Australia (Vic, NSW, Qld).
Biology. Debenham (1978) summarised the known biology of this species. Immatures live in the margins of
streams. Adults feed on mammals, including humans, but have not been associated with transmission of any dis-
ease.
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FIGURES 57–62. Culicoides (Marksomyia) zentae Bellis & Dyce sp. nov. pupa. 57. Thoracic tubercules. 58. Abdominal
tubercules. 59. Caudal segment. 60. Head. 61. Operculum and ad tubercules. 62. Prothoracic horn.
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FIGURES 63–68. Distribution of Culicoides (Marksomyia) species based on specimens represented in ANIC and data from
the National Arbovirus Monitoring Program. 63. C. marksi Lee & Reye. 64. C. pseudostigmaticus Tokunaga. 65. C. zentae Bel-
lis & Dyce sp. nov. 66. C. kayi Bellis & Dyce sp. nov. 67. C. parvimaculatus Lee & Reye. 68. C. dycei Lee & Reye.
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Remarks. Although both male and female C. parvimaculatus have consistently smaller pale spots on the wing
than other members of Marksomyia, this is largely subjective. Male specimens of this species can be distinguished
from all other members of Marksomyia excepting C. kayi by the relatively well-developed ventral root. From C.
kayi it can be distinguished by the curved bases to the parameres which contrast with the straight bases in C. kayi.
Females can be distinguished from C. marksi, C. dycei and C. pseudostigmaticus by the shape of the spermathecae
and from C. zentae and C. kayi by the absence of SCo on proximal antennomeres. Pupae can be distinguished from
other species of Marksomyia by the absence of lateral spines on lpm and lasm.
TABLE 1. Distributions and counts of sensilla on female antennae for species of Marksomyia.
continued.
Antennomere mean (range)
character species 3 4 5 6 7 8
SCo dycei 2.5 (2–4) 0 0 0 0 0.1 (0–1)
pseudostigmaticus 2 (2) 0 0 0 0 0
parvimaculatus 2.22 (2–4) 0 0 0 0 0
marksi 4.05 (3–5) 0 0 0 0 0
zentae 2 (2) 0.2 (0–1) 0.4 (0–1) 0.3 (0–1) 0.85 (0–1) 0.3 (0–1)
kayi 2.35 (2–3) 0 0 0 0 0.11 (0–1)
STl dycei 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2)
pseudostigmaticus 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2)
parvimaculatus 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2)
marksi 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2)
zentae 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2)
kayi 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2)
STc dycei 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1)
pseudostigmaticus 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1)
parvimaculatus 0.06 (0–1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1)
marksi 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1)
zentae 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1)
kayi 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1)
SCh dycei 6.95 (6–7) 6 (6) 5.85 (4–6) 6 (6) 5.95 (5–6) 5.95 (5–6)
pseudostigmaticus 7 (7) 6 (6) 5.95 (5–6) 5.3 (5–6) 5.8 (5–6) 5 (4–6)
parvimaculatus 7.08 (6–8) 6.21 (6–7) 6 (5–7) 6 (5–7) 5.89 (5–6) 5.95 (5–7)
marksi 7 (7) 6 (6) 6 (6) 6 (6) 6 (6) 6 (6)
zentae 6.27 (6–7) 6 (5–7) 6 (6) 6.05 (6–7) 6.05 (6–7) 6 (6)
kayi 7.13 (6–8) 6.56 (6–7) 6.16 (6–7) 6.21 (6–8) 6.16 (6–7) 6.16 (6–7)
Antennomere mean (range)
character species 9 10 11 12 13 14 15
SCo dycei 0.15 (0–1) 0.15 (0–1) 1 (1) 1 (1) 1 (1) 1 (1) 0.95 (0–1)
pseudostigmaticus 0 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1)
parvimaculatus 0.05 (0–1) 0 1.05 (1–2) 1.32 (1–2) 1.05 (1–2) 2.05 (2–3) 1.16 (1–2)
marksi 0 0.05 (0–1) 1 (1) 1 (1) 1 (1) 1.95 (1–2) 1 (1)
zentae 1 (1) 0 1 (1) 1.05 (1–2) 1.05 (1–2) 1.55 (1–2) 1 (1)
kayi 0.26 (0–1) 1.37 (1–3) 1.26 (0–2) 1.16 (1–2) 1 (0–2) 2 (1–3) 1.06 (1–2)
continued next page
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Culicoides dycei Lee & Reye
(Figs 6, 12, 13, 18, 24, 31, 38, 44, 50, 56)
Culicoides dycei Lee & Reye 1953: 390
Type material examined. Holotype female, Australia, NSW, Moree, AL Dyce (ANIC); Allotype same data as
holotype (ANIC); Paratypes, same data as holotype (2 males, 9 females, all ANIC).
Non-type material examined. Australia, NSW: Moree, Light trap, 23.ii.1963, A.L. Dyce & M.D. Murray (3
females 4 males ANIC); TerryHieHie, Gravesend Rd, 20.xi.1973, T.T., M.J. Muller (3 females 2 males ANIC);
Slab crossing, TerryHieHie, 14.iii.1974, bred, M.J. Muller (4 females 4 males ANIC).
Diagnosis. Wing with single pale spot in cell M4. Female with SCo distribution 3,(8–10),11–15, six SCh on 4–
10, two to three SCh on 11–14, five on 15; spermathecae large and sac-like, completely unsclerotised. Male with
SCo distribution 3, 13–15; STl distribution 3–6; STc distribution 4–6; about six SCh on 14; apical half of
parameres strongly curved laterad, ventral membrane of ninth sternite bare. Pupal abdomen with paired spines only
on lpm and lasm, thorax tubercules lacking spines; prothoracic horn without scales.
Female. Head. Eyes bare, separated by a distance of one facet or less (Fig 6), proboscis short; palpus (fig 12)
brown with five segments, segment 3 expanding apically then abruptly narrowed beyond a round, shallow sensory
pit with several protruding capitate sensilla. Antennal (Fig 18) antennomeres 4–10 barrel shaped, 11–15 cylindri-
cal, short. 
Thorax. Legs (fig 24) dark brown with dark knees, fore & mid femora pale basally and with conspicuous api-
cal pale band, hind femora unbanded; all tibia with sub basal pale band. Wing (fig 31, 32) strongly patterned with 3
pale spots in cell R5, the two marginal spots sometimes reduced or absent (fig 32), single pale spot in cell M4. 
Abdomen. Three developed elongate ovoid spermathecae, unsclerotised, imbricated and of similar size; ducts
very short; sclerotised ring longer than wide.
Male. Head. Eyes bare, palpal segment 3 with a shallow pit. Antenna (Fig 44) with single row of plume verti-
cils on antennomeres 3–12; antennomeres 13–15 elongate subcylindrical and narrow; non-plume SCh on 3 reach-
ing to antennal segment 6 or 7.
TABLE 1. (continued)
Antennomere mean (range)
character species 9 10 11 12 13 14 15
STl dycei 2 (2) 2 (2) – – – – –
pseudostigmaticus 2 (2) 2 (2) – – – – –
parvimaculatus 2 (2) 2 (2) – – – – –
marksi 2 (2) 2 (2) – – – – –
zentae 2 (2) 2 (2) – – – – –
kayi 2 (2) 2.42 (2–4) – – – – –
STc dycei 1 (1) 0 – – – – –
pseudostigmaticus 1 (1) 1 (1) – – – – –
parvimaculatus 1 (1) 0.74 (0–1) – – – – –
marksi 1 (1) 1 (1) – – – – –
zentae 1 (1) 0 – – – – –
kayi 1 (1) 1 (1) – – – – –
SCh dycei 6 (6) 5.95 (5–6) 2.05 (2–3) 1.95 (1–2) 2.85 (2–3) 2.95 (2–3) 4.84 (4–5)
pseudostigmaticus 5.1 (4–6) 4.75 (4–5) 0.89 (0–2) 1 (1) 1 (1) 1 (1) 0
parvimaculatus 6 (6) 5.74 (5–6) 2.16 (2–3) 2 (2) 1.68 (1–2) 2.53 (2–4) 2.33 (1–5)
marksi 6 (6) 6 (6) 2.05 (2–3) 2 (2) 2 (2) 2.1 (2–3) 2.6 (2–3)
zentae 6.05 (6–7) 6 (5–7) 2.25 (2–4) 2 (2) 2.1 (1–3) 2.95 (2–4) 2.9 (2–3)
kayi 5.89 (5–6) 6.11 (5–7) 2.37 (2–4) 2.21 (2–3) 3.11 (2–5) 5.17 (4–7) 6 (5–7)
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Genitalia. (Fig 50) Ninth tergite with caudal margin convex. Ninth sternite with deep, U-shaped caudomedial
excavation, ventral membrane without spicules. Gonocoxite rectangular, slightly longer than wide, dorsal root long
and simple; ventral root short, stout and triangular. Gonostylus slender, curving gently distally to a pointed apex.
Aedeagus with distal process short with a rounded mushroom-shaped expansion apically. Parameres separate, with
distinctly curved basal arms angled sharply to weakly swollen stem lacking ventral lobe narrowing gradually to
simple sharp-tipped distal portion curved lateroventrad.
Immatures. Fourth instar larvae and pupae of C. dycei were described and illustrated by Kettle & Elson
(1978).
Distribution. (fig 68) All states of Australia.
Biology. Debenham (1978) summarised the known biology of this species. Immature stages live in the margins
of creeks and rivers in sand or gravel substrates, in fresh or brackish water. Pupae float on the water surface and are
unable to submerge. Adults feed on mammals, appear to be crepuscular to nocturnal and have been implicated in
the transmission of viruses associated with macropods.
Remarks. Male and female specimens of this species can be distinguished from all members of Marksomyia,
excepting C. pseudostigmaticus, by the single pale spot in cell M4 of the wing. Females of C. pseudostigmaticus
have a single STc on 10 and have much smaller, ovoid, partially sclerotised spermathecae which enables separation
from C. dycei. Male C. pseudostigmaticus have thickened, right-angled shoulders of the aedeagus which differ
TABLE 2. Distributions and counts of sensilla on male antennae for species of Marksomyia.
Antennomere mean (range)
Character species 3 4 5 6 7  8
SCo dycei 1.21 (1–2) 0 0 0 0 0
pseudostigmaticus 2 (2) 0 0 0 0 0
parvimaculatus 1.06 (1–2) 0 0 0 0 0
marksi 2.18 (2–3) 0 0 0 0 0
zentae 1.71 (1–2) 0.18 (0–1) 0 0 0 0
kayi 1 (1) 0 0 0 0 0
STl dycei 2 (2) 2 (2) 2 (2) 2 (2) 0 0
pseudostigmaticus 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 1 (1)
parvimaculatus 2 (2) 2 (2) 2 (2) 2 (2) 0.93 (0–2) 0.27 (0–2)
marksi 2 (2) 2 (2) 2 (2) 2 (2) 1.15 (0–2) 0.1 (0–1)
zentae 2 (2) 2 (2) 2 (2) 2 (2) 0 0
kayi 2 (2) 2 (2) 2 (2) 2 (2) 0.43 (0–2) 0
STc dycei 0 1 (1) 0.95 (0–1) 0.95 (0–1) 0 0
pseudostigmaticus 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1)
parvimaculatus 0 1 (1) 1 (1) 1 (1) 0.71 (0–1) 0
marksi 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1)
zentae 0 1 (1) 1 (1) 1 (1) 0 0
kayi 0 1 (1) 1 (1) 1 (1) 1 (1) 0.43 (0–1)
SCh dycei 4 (4) – – – – –
pseudostigmaticus 7.5 (7–8) 8 (8) 8 (8) 7 (7) 6 (5–7) 6 (6)
parvimaculatus 3.94 (3–4) – – – – –
marksi 6 (6) – – – – –
zentae 3.89 (3–4) – – – – –
kayi 4 (3–5) – – – – –
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continued.
from the rounded shoulders of uniform thickness of C. dycei. Pupae of C. dycei can be distinguished from C. parvi-
maculatus by the lateral spurs on all lpm tubercles of C. dycei, from C. zentae by absence of paired spines on dasm,
dpmiv and dpmv and thoracic tubercules di and dii in C. dycei and from C. marksi by the absence of scales on the
prothoracic horn. Immature stages of the remaining two species of Marksomyia are not known.
Discussion
Uniformity in characters of the wing, parameres, aedeagus, number and incomplete sclerotisation of spermathecae
and distributions of SCo, ST and SCh in males and females can be seen as evidence of the monophyly of Mark-
somyia. The geographical restriction of this subgenus to Australia and New Guinea and similarity of breeding sites
further support the validity of this subgenus. The distribution of known species led Dyce (2001) to postulate that
this subgenus is of Gondwanan origin.
Relationships between Marksomyia and previously defined subgenera of Culicoides are difficult to establish.
The presence of three functional spermathecae appears to be apomorphic for the genus and consequently sugges-
tive that the six subgenera with this characteristic are more closely related to each other than to other subgenera.
Within this group of subgenera, incomplete sclerotisation of the spermathecae occurs in Selfia and Marksomyia and
to a lesser extent in Pontoculicoides. This character state and the similarlity of breeding sites led Howarth (1985) to
Antennomere mean (range)
Character species 9 10 11 12 13 14 15
SCo dycei 0 0 0 0 1 (1) 1.1 (1–2) 0.95 (0–1)
pseudostigmaticus 0 0 0 1 (1) 1 (1) 1 (1) 1 (1)
parvimaculatus 0 0 0 0 0.88 (0–1) 2 (2) 1.21 (1–2)
marksi 0 0 0.05 (0–1) 0.05 (0–1) 1 (1) 2.3 (2–3) 1 (1)
zentae 0 0 0 0.06 (0–1) 0.94 (0–1) 1.75 (1–2) 1 (1)
kayi 0.14 (0–1) 0 0 0 1 (1) 1.71 (1–3) 1.29 (1–2)
STl dycei 0 0 0 0 – – –
pseudostigmaticus 1 (1) 1 (1) 2 (2) 2 (2) – – –
parvimaculatus 0.31 (0–2) 0.31 (0–2) 0 0 – – –
marksi 0.1 (0–1) 0.05 (0–1) 0 0.05 (0–1) – – –
zentae 0 0 0 0 – – –
kayi 0 0 0 0 – – –
STc dycei 0 0 0 0 – – –
pseudostigmaticus 1 (1) 1 (1) 1 (1) 1 (1) – – –
parvimaculatus 0.08 (0–1) 0 0 0 – – –
marksi 1 (1) 0.75 (0–1) 0.1 (0–1) 0.1 (0–1) – – –
zentae 0 0 0 0 – – –
kayi 0.14 (0–1) 0 0 0 – – –
SCh dycei – – – – 5.85 (5–6) 6.6 (6–7) 0
pseudostigmaticus 7 (6–8) 5.5 (5–6) 4 (4) 3 (3) 2 (2) 3 (3) 0
parvimaculatus – – – – 6 (6) 6.38 (6–7) 0
marksi – – – – 6 (6) 5 (5) 0.15 (0–2)
zentae – – – – 6 (6) 6.56 (6–7) 0
kayi – – – – 6 (6) 7.14 (6–8) 0
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suggest a close relationship between Selfia and Pontoculicoides. The known breeding site of Marksomyia species is
consistent with those of these two subgenera and may also indicate a close relationship.
Species of Marksomyia may be grouped into three complexes based on the shape of the female spermathecae.
The dycei complex (one species, C. dycei) have unsclerotised, sac-like spermathecae; the marksi complex (two spe-
cies, C. marksi and C. pseudostigmaticus) have rounded spermathecae of which only the distal half is sclerotised;
and the parvimaculatus complex (three species, C. parvimaculatus, C. zentae and C. kayi) have pear-shaped sper-
mathecae in which only the necks are sclerotised.
TABLE 3. Important numerical values for female specimens of species of Marksomyia.
continued.
species Wing Length 
(mm)
Wing L:W 
ratio
Costal Ratio Antennal 
Ratio
Palpal Ratio Relative 
lengths of 
palpal seg-
ments 3–5
Probos-
cis:head Ratio
dycei 0.82 
(0.76–0.88
n = 10)
2.01 
(1.9–2.33
n = 10)
0.55 
(0.5–0.63
n = 10)
0.93 
(0.87–0.99
n = 19)
1.75 
(1.55–2
n = 19)
33:17:19 
(n = 20)
0.70 
(0.65–0.76
n = 10)
pseudostigmaticus 0.70 
(0.66–0.74
n = 10)
2.05 
(1.97–2.12
n = 10)
0.60 
(0.57–0.64
n = 10)
0.93 
(0.79–0.99
n = 13)
2.54 
(2.28–3.56
n = 19)
21:10:9 
(n = 20)
0.90 
(0.77–1.04
n = 10)
parvimaculatus 0.90 
(0.74–1.07
n = 10)
2.04 
(1.92–2.14
n = 10)
0.55 
(0.53–0.58
n = 10)
1.02 
(0.96–1.11
n = 13)
2.00 
(1.63–2.47
n = 13)
21:14:13 
(n = 13)
0.71 
(0.66–0.8
n = 9)
marksi 1.01 
(0.94–1.06
n = 10)
2.09 
(2–2.23
n = 10)
0.55 
(0.53–0.57
n = 10)
1.02 
(0.95–1.11
n = 17)
2.26 
(1.91–2.6
n = 19)
45:20:22 
(n = 20)
1.36 
(1.29–1.48
n = 10)
zentae 1.21 
(1.06–1.34
n = 10)
2.09 
(1.97–2.29
n = 10)
0.55 
(0.52–0.57
n = 10)
1.06 
(0.99–1.11
n = 15)
2.02 
(1.73–2.3
n = 18)
20:9:9 
(n = 19)
0.73 
(0.65–0.77
n = 10)
kayi 1.35 
(1.23–1.44
n = 10)
2.18 
(2.08–2.25
n = 9)
0.56 
(0.53–0.58
n = 10)
0.93 
(0.83–1.03
n = 8)
2.05 
(1.92–2.23
n = 10)
69:31:38 
(n = 10)
0.86 
(0.79–0.94
n = 10)
species teeth Tibial ratio No of 
spines on 
tibial comb
Spermathcae 
dimensions
Length of 
necks
ring length ring width
dycei 12.85 
(12–14
n=20)
1.94 
(1.75–2.16
n=18)
4.1 
(4–5
n=20)
116.01 x 
24.08µm 
(n=13)
0 11.01 
(9.06–12.95
n=2)
5.83 
(5.18–6.47
n=2)
pseudostigmaticus 16.37 
(15–19
n=19)
2.05 
(1.82–2.25
n=20)
4 
(3–5
n=19)
19.42 x 
21.05µm 
(n=29)
0 5.97 
(4.98–7.47
n=10)
6.34 
(4.98–9.96
n=20)
parvimaculatus 13.88 
(12–17
n=17)
2.36 
(1.9–2.73
n=10)
4.06 
(4–5
n=16)
45.24 x 
24.07µm 
(n=6)
14.94 
(0.4–0.7)
5.03 
(0.32–6.23
n=6)
2.3 
(0.13–3.74
n=6)
marksi 15.25 
(12–16
n=20)
1.78 
(1.56–1.97
n=20)
4 
(3–5
n=20)
18.99 x 
29.88µm 
(n=27)
0 5.32 
(2.59–7.77
n=9)
15.83 
(14.24–19.42
n=9)
zentae 15.18 
(13–17
n=17)
2 
(1.79–2.16
n=10)
4 
(4
n=10)
48.14 x 
27.25µm 
(n=9)
13.56 
(0.5–0.6)
0.36 
(0.26–0.39
n=4)
0.28
(0.19–0.32
n=4)
kayi 16.7 
(15–20
n=20)
2.18 
(1.98–2.33
n=10)
4.45 
(4–6
n=20)
52.29 x 
27.23µm 
(n=6)
12.22 
(9.96–
13.7)
0.26 
(0.19–0.32
n=3)
0.28 
(0.26–0.32
n=3)
TERMS OF USE
This pdf is provided by Magnolia Press for private/research use. 
Commercial sale or deposition in a public library or website is prohibited.
184
 Zootaxa 3014  © 2011 Magnolia Press  ·   57MARKSOMYIA, NEW SUBGENUS OF CULICOIDES
TABLE 4. Important numerical values for male specimens of species of Marksomyia.
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Abstract
The Bancrofti species group of the biting midge genus Culicoides Latreille which embraces two species from Australia 
and Papua New Guinea is revised. A diagnosis for the group along with a first description of adult male C. bancrofti Lee 
& Reye and redescriptions of female adult C. bancrofti  and male and female adult C. hornsbyensis Lee & Reye are pre-
sented together with keys for their specific determination.
Key words: Biting midges, Culicoides, Bancrofti group
Introduction
While the distribution of sensilla coeloconica have been routinely included in descriptions of female Culicoides 
spp. since the 1960’s, providing data on the distribution and abundance of the other forms of antennal sensilla has 
only been adopted relatively recently (Meiswinkel and Dyce 1989; Dyce and Meiswinkel 1995; Dyce and Wirth 
1997; Clastier and Delécolle 1996; Bellis and Dyce 2011). Given the usefulness of these data at both the species 
and species group level (Cornet 1974) and the increasing number of morphologically similar ‘cryptic’ species 
revealed by molecular analyses (Gomulski et al. 2006; Pagès et al. 2009), it is important to provide data on the full 
range of antennal sensilla to aid in the discrimination of closely related species and to provide a more complete 
range of morphological characters to assist in future studies on the phylogeny of this genus. Currently, data on the 
distribution and abundance of antennal sensilla is available for only 16 of the 272 species reported from 
Australasia, the remainder consequently require some redescription. Two such species are C. bancrofti Lee & Reye 
and C. hornsbyensis Lee & Reye, placed into the Bancrofti species group by Dyce et al. (2007). Additionally, the 
male of several species, including C. bancrofti, remain undescribed. 
Based on similarities between the wing and palpal sensilla pattern of the female, Wirth and Arnaud (1969) 
considered C. bancrofti to be closely related to C. costalis Tokunaga and their new species C. polynesiae Wirth and 
Arnaud. They included a diagnosis of the characters shared by these species but acknowledged that only the female 
of C. bancrofti was known at the time and that some significant differences existed between this species and the 
other two members of the group. Wirth and Hubert (1989) subsequently added C. novairelandi Tokunaga to this 
group and named it the Costalis group. Clastrier and Delécolle (1996) added two new species to the group and 
provided a key to distinguish the species. At no time was C. hornsbyensis included in this group although Lee and 
Reye (1962) did note a similarity in the arrangement of palpal sensilla between C. bancrofti and C. hornsbyensis.
More recently, Dyce et al. (2007) placed C. bancrofti and C. hornsbyensis in a new group, the Bancrofti group, 
while retaining the Costalis group for C. costalis and its seven cohort species. Herein a diagnosis for the Bancrofti
group sensu Dyce et al. (2007) is presented along with a description of the male of C. bancrofti and redescriptions 
of the females of C. bancrofti and male and female C. hornsbyensis and keys to their determination.Accepted by L. Hernandez-Triana: 19 Sept. 2012; published: 29 Nov. 2012
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This study is based on slide–mounted specimens lodged in the Australian National Insect Collection, Canberra, 
ACT, Australia (ANIC).
The Bancrofti group is named for the first described valid species in the group following the practice of Wirth 
and Hubert (1989) and Dyce and Wirth (1997). The descriptive format for adults used herein follows that of Bellis 
& Dyce (2011). Several characters which are prone to variability even on a single specimen, for example the 
number of mandibular teeth and the spines on the tibial comb, were scored from both left and right sides of the 
specimen. The wing length:width ratio is the ratio of wing length to maximum width measured perpendicular to the 
costa at the level of the distal margin of the second radial cell. Terms for antennal sensilla follow Wirth & Navai 
(1978) with the following abbreviations: SCo, sensillum coeloconica; STl, long, blunt–tipped sensillum trichodea; 
STc, short, blunt–tipped sensillum trichodea; and SCh, sensillum chaetica. Antennal flagellomeres are numbered in 
text and tables from base to apex in Arabic numerals. SCo and STl distributions are given as numbers representing 
the flagellomere on which the respective sensilla occur; where sensilla are both present or absent on a given 
flagellomere, the relevant flagellomere number is bracketed. SCh distributions do not include the terminal SCh on 
flagellomere 13 which is present in all species. The septum of the aedeagus is the sclerotised membrane joining the 
basal arms of the aedeagus.
Species descriptions are accompanied by tables of antennal data (Table 1 for female data, Table 2 for male 
data) and numerical data (Table 3 for female and Table 4 for male data). Consistency in wing patterning, tibial 
comb, eye pubescence, palpal shape and sensilla arrangement and leg patterning were used to associate male and 
female specimens in collections.
Political regions are abbreviated as: Qld for Queensland, NSW for New South Wales, Vic for Victoria and 
PNG for Papua New Guinea.
TABLE 1. Intraspecies and interspecific variation of the distributions and abundance of sensilla on female antennae for 
species of the Bancrofti group of Culicoides.  Mean values are followed by ranges (in parentheses).
TABLE 2. Intraspecies and interspecific variation of the distribution and abundance of sensilla on male antennae for 
species of the Bancrofti group of Culicoides. Mean values are followed by ranges (in parentheses).
female flagellomere
character species 1 2 3 4 5 6 7 8 9 10 11 12 13
SCo bancrofti 3.29 
(2–4)
0 0 0 0 0 0.13 
(0–1)
0 1.53 
(1–2)
1.13 
(0–2)
1.8 
(1–2)
3.46 
(2–5)
1 (1)
hornsbyensis 5.36 
(4–7)
2.33 
(2–3)
2.25 
(2–3)
2.25 
(1–3)
1.58 
(1–2)
1.33 
(1–2)
1.42 
(1–2)
1.09 
(1–2)
1 (1) 1 (1) 1.18 
(1–2)
2.09 
(2–3)
2.1 
(2–3)
STl bancrofti 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) – – – – –
hornsbyensis 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) – – – – –
STc bancrofti 4.4 
(2–9)
2.86 
(1–4)
2.64 
(1–4)
2.2 
(1–4)
2.43 
(1–4)
2.71 
(1–4)
2.43 
(0–5)
2.93 
(1–5)
– – – – –
hornsbyensis 1.83 
(1–3)
1.42 
(1–2)
1.67 
(1–2)
1.42 
(1–2)
1.42 
(1–2)
1.17 
(1–2)
1.33 
(1–2)
1.18 
(1–2)
– – – – –
SCh bancrofti 6.94 
(5–8)
6.06 
(5–7)
6 (6) 6 (6) 6 (6) 6 (6) 6 (6) 6.07 
(6–7)
2.81 
(2–4)
3 (2–
4)
5.13 
(4–6)
5.86 
(5–6)
4.21 
(4–5)
hornsbyensis 8.6 
(7–9)
6 (6) 6 (6) 6 (6) 6 (6) 6 (6) 6 (6) 6 (6) 1 
(0–2)
1 (1) 1.09 
(1–2)
2 (2) 2 (2)
 flagellomere
character species 1 2 3 4 5 6 7 8 9 10 11 12 13
SCo bancrofti 2 (2) 0 0 0 0 0 0 0 0 0 1.92 
(1–2)
5.09 
(4–6)
1 (1)
hornsbyensis 2 (2) 1.17 
(1–2)
1.17 
(1–2)
1.17 
(1–2)
0 0 0 0 0 0 1.08 
(1–2)
2.67
(2–3)
2.08 
(2–3)
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Commercial sale or deposition in a public library or website is prohibited.TABLE 3.  Intraspecies and interspecific variation of some numerical characters of female specimens of species of the
Bancrofti group of Culicoides.
TABLE 4.  Intraspecies and interspecific variation of some numerical characters of male specimens of species of the
Bancrofti group of Culicoides
Bancrofti Group 
Nominate species: Culicoides bancrofti Lee and Reye 1953: 387.
Diagnosis. The following features distinguish the Bancrofti species group from all other species of Culicoides: 
Third palpal segment of both sexes very elongate, at least four times the length of the 4th palpal segment and 
bearing large numbers of capitate sensilla on the inner surface, fourth tarsal segment cylindrical, female antennae 
bearing basal whorls of SCh on distal five flagellomeres, male parameres with straight unswollen stem, smoothly 
tapering to bare terminal part curved ventrolaterad and ending in sharp smooth point.
Description. Female—Eyes bare, separated. Antennae varied, flagellomeres sometimes elongated with 
flagellomeres 2–8 constricted subapically, otherwise moderately elongated with segments 2–8 barrel-shaped; SCo 
always present on 1, 9–13; basal whorl of SCh present on all flagellomeres; one pair of STl and at least one STc 
present on flagellomeres 2–8. Palpus with five segments, each supporting SCh, 3rd segment elongate, cylindrical or 
swollen, lacking a pit and bearing numerous capitate sensilla on the surface, in one species these sensilla are also 
TABLE 2. (Continued)
 flagellomere
character species 1 2 3 4 5 6 7 8 9 10 11 12 13
STl bancrofti 1.9 
(1–2)
2 (2) 2 (2) 1.83 
(1–2)
1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0 – – –
hornsbyensis 2 (2) 2 (2) 2 (2) 2 (2) 0 0 0 0 0 0 – – –
STc bancrofti 0.5 
(0–1)
1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 
(1)
– – –
hornsbyensis 0.1 
(0–1)
1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0.18 
(0–1)
0 – – –
SCh bancrofti 4.7 
(3–6)
– – – – – – – – – 6 (6) 7 (7) 0
hornsbyensis 5.56 
(4–6)
– – – – – – – – – 5.42 
(4–6)
5.83 
(5–6)
0
Wing 
Length 
(mm)
Wing 
L/W 
ratio
Costal 
Ratio
Antennal 
Ratio
Palpal 
Ratio
Lengths of 
palpal 
segm 3–5
P/H 
Ratio
teeth Tibial 
ratio
Tibial 
comb
Spermatheca 
I (µm)
Spermatheca 
II (µm)
Necks 
(µm)
vestigial 
spermatheca 
(µm)
bancrofti 1.66 2.43 0.71 0.9 5.02 160:35:40 0.95 17.571.82 5.29 77.1 73.8 15.9 29.49
range 1.46–
1.92
2.35–
2.59
0.68–
0.73
0.77–1.05 3.81–
6.08
- 0.8–
1.05
11–
20
1.73–
1.95
4–6 - - 7.53–
20.08
17.57–40.16
n 9 9 10 9 8 8 10 14 9 17 7 6 11 6
hornsbyensis0.94 2.26 0.63 1.24 2.54 86:20:22 0.73 15.171.72 4.11 40.2 34.1 2.65 14.12
range 0.85–
1.05
2.11–
2.58
0.6–
0.65
1.19–1.28 2.36–
2.76
- 0.64–
0.82
14–
16
1.42–
1.85
4–5 - - 0–5.0212.55–17.57
n 6 6 6 5 6 6 6 12 7 9 5 5 9 4
species Wing Length (mm) Wing L/W ratio Antennal Ratio Palpal Ratio tibial comb
bancrofti 1.42 (1.31–1.53, n=5) 2.76 (2.72–2.82, n=5) 0.80 (0.76–0.82, n=7) 3.90 (3.8–4, n=3) 5.00 (4–6, n=5)
hornsbyensis 0.93 (0.83–1.02, n=7) 2.69 (2.58–2.77, n=7) 0.77 (0.73–0.8, n=7) 2.01 (1.69–2.36, n=5) 4.00 (4, n=7) Zootaxa 3566  © 2012 Magnolia Press  ·  53REDESCRIPTION OF CULICOIDES BANCROFTI AND C. HORNSBYENSIS
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hind tibial comb with four to six spines, first or second from spur longest. Wing with cells r1 and r2 subequal in 
length, cell r2 tip just clipped by poststigmatal pale spot, lumens not expansive; veins more or less infuscated, 
macrotrichia moderately dense overall except in basal anterior corner; pale markings large, distributed in all cells. 
Two similar sized, ovoid or round, developed spermathecae with long sclerotised necks and one vestigial present, 
sclerotized ring absent. 
Male—Eyes bare. Antennae with plume of SCh on flagellomeres 1–10, flagellomeres 2–10 partially fused, 
11–13 elongate and subcylindrical; SCo always present on 1, 11–13; pair of STl on flagellomeres 1–4, single STc 
present on at least flagellomeres 2–8; basal whorls of five to seven SCh on flagellomeres 11 and 12. Genitalia with 
ninth tergite bearing well developed apicolateral processes. Gonocoxite long and tapering apically, base broad with 
mesal patch of spiculae, ventral root variable, dorsal root elongate. Gonostylus long, gently curved, with sharply 
pointed or rounded knob apically. Ninth sternite with broad caudomedial excavation, membrane bare. Aedeagus 
with high arch; septum present or absent, body with smoothly rounded lateral shoulders leading to a tapered distal 
process, truncate or bifid at tip. Parameres separate, basal arm enlarged, angled at junction with straight unswollen 
stem, smoothly tapering to bare terminal part curved ventrolaterad and ending in sharp smooth point.
Immatures: Unknown.
Larval habitat: unknown
World Distribution
Two species endemic to Australia and PNG
Key to females of species of the Bancrofti group
1. pale spot in cell r5 of wing ovoid and distant from the wing margin (fig 3); SCo distribution 1,9–13; basal flagellomeres much 
longer than wide and constricted medially (fig 11, 13). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .bancrofti
– pale spot in cell r5 of wing elongate and approaching the apex of the cell (fig 5); SCo distribution 1–13; basal flagellomeres 
little longer than wide and not constricted medially (fig 12)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . hornsbyensis
Key to males of species of the Bancrofti group
2. pale spot in cell r5 of wing ovoid and distant from the wing margin (fig 4); SCo absent from flagellomeres 2–4 (fig 14), 
apicolateral processes on hypopygium about as long as basal width (fig 22). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .bancrofti
– pale spot in cell r5 of wing elongate and approaching the apex of the cell (fig 6); SCo present on flagellomeres 2–4 (fig 15), 
apicolateral processes on hypopygium about twice as long as basal width (fig 25) . . . . . . . . . . . . . . . . . . . . . . . . . hornsbyensis
Culicoides bancrofti Lee and Reye
(Figs 1, 3, 4, 7, 9, 11, 13, 14, 16, 18, 20, 22, 23, 24, 28)
Culicoides bancrofti Lee and Reye 1953: 387.
Dyce et al. 2007:34 (female wing illustrated)
Type material examined: Australia NSW Holotype, Hornsby Gulley, NSW, D.J. Lee, 29.Oct.1950, 1700 Hrs (female).
Non-type material examined. Australia NSW: Hornsby, 22.Oct.1968, Light Trap, D.J. Lee (1 female); Hornsby, 7.Feb.1957 
Light Trap, D.J. Lee (1 male); Colovale 24.Apr.1956, Bottom St., 17.30–17.45, to man, B.S. Marlow (1 female); Colovale 
Stn. , 6.Mar.1957, 1800–1815, W.W. Wirth (1 female); Colovale, Apr.1954 (1 female); Mogo S.F., 6.Oct.1981, ex light 
trap, P. Haycock & E. Walter (1 female); 5 ml. W. Nowra on Yalwal Rd., to man, 11.Dec.1966, G. Wellings (1 female); 
Warrah, lt tp, 5.Nov.1966, R. Holst (1 male); Mt. Dromidary, Lt Tr., 24.Nov.1965, I. Common and M. Upton (1 male); 
Pebbly Beach, 17.Nov.1960, I.F.B. Common & M. Upton (2 males). Vic: Sardine Ck, 7.Feb.1966, human bait, A.L. Dyce 
(1 female); Acheron R., 22.Jan.1966, aspirator to man A.L. Dyce (1 female); Combienbar Riv., 25km NE of Club Terace, 
17.Mar.1977, A. Neboiss (1 female); Britannia Creek, 6 km S. Warburton, 27.Feb.1966, A. Neboiss (1 male).
Diagnosis.  Apical pale spot in cell r5 ovoid and distant from apex of cell, 3rd palpal segment not markedly broader 
than 2nd segment, some capitate sensilla present on the surface of the 2nd segment. Female antennae with basal 
flagellomeres elongate vase-shaped, SCo distribution 1, 9–13, usually with multiple STc on flagellomeres 1–8. BELLIS & DYCE54  ·  Zootaxa 3566  © 2012 Magnolia Press
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broad, meeting in middle of caudal margin.
FIGURES 1–10. Culicoides Bancrofti group species. C. bancrofti Lee & Reye, 1, female eye separation; 3, female wing; 4, 
male wing; 7, legs and 9, palpus. C. hornsbyensis Lee & Reye, 2, female eye separation; 5, female wing; 6, male wing; 8, legs 
and 10, palpus. Zootaxa 3566  © 2012 Magnolia Press  ·  55REDESCRIPTION OF CULICOIDES BANCROFTI AND C. HORNSBYENSIS
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Head. Eyes separated by a distance less than ¾ of one facet (Fig 1). Palpus (Fig 9) dark brown; 3rd segment 
cylindrical with numerous capitate sensilla scattered on the surface of the distal 2/3 of the segment, some capitate 
sensilla also present on the surface of 2nd segment. Flagellomeres (Figs 11, 13) 2–8 elongate, vase-shaped with 
basal half clothed in microtrichea; 9–13 subcylindrical, little longer than basal flagellomeres.
Thorax. Legs (Fig 7) dark brown, hind femora unbanded, mid and fore femora with subapical pale band, that 
on mid femora less pronounced, tibiae with pale subbasal band, apex unbanded. Wing (Fig 3) strongly patterned, 
apical pale spot in cell r5 ovoid and distant from wing margin. Tibial comb (Fig 18) with 5–6 spines, 2nd from spur 
longest. Haltere pale to light brown.
Male. 
Head. Palpus with subcylindrical 3rd segment bearing few capitate sensilla, these mostly on the inner surface. 
Antenna (Fig 14) with flagellomeres 11 and 12 each with a basal whorl of SCh.
Thorax. Wing (Fig 4) patterned similarly to female with pale spots generally more expansive. Tibial comb 
with 4–6 spines, 2nd from spur longest.
Genitalia. Hypopygium (Fig 22) with ninth tergite narrowed apically, apicolateral processes triangular with 
bases very broad, meeting medially forming a very deep median cleft. Ninth sternite with moderately deep caudo-
medial excavation. Gonocoxite with dorsal root simple; ventral root long, narrowing to a sharp point. Gonostylus 
slender, distally curving gently to a pointed apex. Aedeagus (Fig 24) with moderately deep basal arch extending to 
about 1/2 of aedeagus length, septum narrow; distal process moderately long with a simple apex. 
Immatures. Unknown.
Distribution. (Fig 28) Australia: NSW, Vic.
Biology. Largely unknown. Lee et al. (1963) suggested adults were diurnally active or perhaps crepuscular. 
They also reported feeding on humans and label data on specimens examined herein supports this finding although 
this species is relatively uncommon in collections so is unlikely to be an important pest.
Remarks. This species can be distinguished from C. hornsbyensis by the small pale spot in cell r5 of the wing 
which does not approach the wing margin, the vase-like shape of basal flagellomeres of the female, the broad 
apicolateral processes of the male or the SCo distribution in both sexes. The presence of capitate sensilla on the 
second palpal segment is very unusual in the genus Culicoides and unique amongst the Australian fauna.
Culicoides hornsbyensis Lee and Reye
(Figs 2, 5, 6, 8, 10, 12, 15, 17, 19, 21, 25, 26, 27, 29)
Culicoides hornsbyensis Lee and Reye 1962: 361
Dyce et al. 2007:34 (female wing illustrated)
Type material examined: Australia, NSW Holotype, Hornsby, 25.Oct.1956, D.J. Lee, light trap (female), Paratype, same data 
as holotype (1 male); Hornsby, NSW, 24.Oct.1956, DJ Lee, light trap (1 female).
Non-type material examined. Australia, NSW: Hornsby, 7.Feb.1957. light trap, D.J. Lee (1 female), Hornsby, 8.Feb.1957, 
light trap, D.J. Lee (1 male); Hornsby, 29.Jan.1957, Light trap, D.J. Lee (1 male); Mt Dromedary, light trap, 24.Nov.1965, 
I. Common & M. Upton (1 male). Qld: Dittmer Mine via Proserpine, light trap, 13.Feb.1980, C. Brennan & W. Kinsella (1 
female, 2 males); Woodliegh, via Mt Garnett, Lt Tp, 14.Jun.1990, P. Waddell (1 female, 1 male). PNG: Wabo, Lt Tp 
20.Aug.1978 E.N. Marks (1 female).
Diagnosis. Tibial comb with four to five spines, apical pale spot in cell r5 elongate, extending almost to apex of 
cell. Female antennae with basal segments barrel-shaped, SCo distribution 1–13, usually with multiple SCo on 
flagellomeres 1–7, multiple STc on flagellomeres 1–8 and only one or two SCh on distal flagellomeres; 3rd palpal 
segment swollen medially. Male antennae with SCo distribution 1–4, 11–13; SCh in basal whorls on flagellomeres 
11 and 12, absent from 13. Gonocoxite with ventral root short, obtuse, apicolateral processes longer than width at 
base, aedeagus long with bifid tip.
Female. 
Head. Eyes almost touching medially (Fig 2), palpus (Fig 10) pale brown with 3rd segment swollen medially, 
bearing numerous capitate sensilla scattered on the surface of the distal 2/3 of the segment. Flagellomeres (Fig 12) 
2–8 little longer than wide, barrel-shaped; 9–13 subcylindrical, considerably longer than basal flagellomeres.BELLIS & DYCE56  ·  Zootaxa 3566  © 2012 Magnolia Press
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Commercial sale or deposition in a public library or website is prohibited.FIGURES 11–21. Culicoides Bancrofti group species. C. bancrofti Lee & Reye, 11, female antenna; 13, female flagellomere 6; 
14, male antenna; 16, 17 spermathecae; 18, tibial comb; 20, mandibular teeth. C. hornsbyensis Lee & Reye, 12, female antenna; 
15, male antenna; 17, spermathecae; 19, tibial comb; 21 mandibular teeth. Zootaxa 3566  © 2012 Magnolia Press  ·  57REDESCRIPTION OF CULICOIDES BANCROFTI AND C. HORNSBYENSIS
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Commercial sale or deposition in a public library or website is prohibited.FIGURES 22–29. Culicoides Bancrofti group species. C. bancrofti Lee & Reye, 22, hypopygium; 23, parameres; 24, 
aedeagus; 28, distribution based on published records (Lee & Reye 1953; 1955) and specimens represented in ANIC. C. 
hornsbyensis Lee & Reye., 25, hypopygium; 26, parameres; 27, aedeagus; 29, distribution based on published records (Lee & 
Reye 1962) and specimens represented in ANIC.BELLIS & DYCE58  ·  Zootaxa 3566  © 2012 Magnolia Press
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tibiae with weak pale basal bands and unbanded apically. Wing (Fig 5) strongly patterned, apical pale spot in cell r5
elongate and approaching wing margin apically. Tibial comb (Fig 19) with 4–5 spines, 2nd from spur usually 
longest. Haltere light brown.
Male.
Head. Palpus with subcylindrical 3rd segment bearing relatively few capitate sensilla, these mostly on the inner 
surface. Antenna (Fig 15) with flagellomeres 11 and 12 with a basal whorl of SCh.
Thorax. Wing (Fig 6) patterned similarly to female but with less contrasting pale and dark areas. Tibial comb 
with 4 spines, 2nd from spur longest.
Genitalia. Hypopygium (Fig 25) with lateral sides of ninth tergite concave, apicolateral processes widely 
separated, longer than basal width, caudal margin cleft medially. Ninth sternite with shallow caudo-medial 
excavation. Gonocoxite with dorsal root foot-shaped; ventral root short, triangular. Gonostylus slender, distally 
curving gently to a rounded apex. Aedeagus (Fig 27) with moderately deep basal arch extending to about 1/2 of 
aedeagus length; septum absent; distal process moderately long, bifid. 
Immatures. Unknown.
Distribution. (Fig 29) Australia, NSW, Qld; PNG.
Biology. Unknown. Label data suggests adults are crepuscular or nocturnal.
Remarks. Features enabling differentiation of this species and C. bancrofti are described in the remarks under 
C. bancrofti. 
Discussion
Wirth and Arnaud (1969) and Clastrier and Delécolle (1996) placed C. bancrofti into the Costalis group based on 
female characters as male C. bancrofti were not known at that time. While the lack of a pit and the sensilla 
arrangement on the female palpus of both C. bancrofti and C. hornsbyensis are similar to those of species of the 
Costalis complex of the Costalis group sensu Dyce et al. (2007) (= Costalis group sensu Wirth and Arnaud (1969) 
and Clastrier and Delécolle (1996)), the antennal sensilla of the both sexes and the morphology of the male 
genitalia of the Bancrofti group are not consistent with the Costalis complex. Female antennae of the Bancrofti 
group bear SCh on all distal flagellomeres whereas those of the Costalis complex bear no SCh. Similarly, male 
antennae of the Bancrofti group bear SCh on flagellomere 12 while those of the Costalis complex do not. The 
parameres of the Bancrofti group are distinctly curved laterad which contrasts with the almost straight parameres of 
species belonging to the Costalis complex. Additionally, the aedeagus of members of the Costalis complex has 
short, stout basal arms with a low basal arch which contrasts with the long, slender basal arms and high basal arch 
characteristic of the Bancrofti group. The cylindrical 4th tarsal segment of species in the Bancrofti group also serves 
to separate them from members of the Costalis complex whose 4th tarsal segments are distinctly cordiform 
(Tokunaga 1963; Wirth & Arnaud 1969; Clastrier and Delécolle 1996).
The elongate 3rd palpal segment with capitate sensilla on the surface in both sexes distinguish the Bancrofti
group from all other subgeneric groups within the genus Culicoides. However the features of the male genitalia, in 
particular the large basal arms and tapered, laterally directed apices of the parameres and the high basal arch of the 
aedeagus are similar to those of species in the Victoriae and Antennalis groups sensu Dyce et al. (2007) while the 
palpal sensilla arrangement is, as discussed above, reminiscent of the Costalis complex.
Dyce (2001) suggested that the Bancrofti group was of Gondwanan origin and certainly the limited distribution 
of known species concurs with this assessment. Similarities between this group and other endemic Australasian 
groups such as the Antennalis and Victoriae groups is also indicative of a Gondwanan ancestry.
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Chapter 5 
 
Bellis, G.A., Dyce, A.L., Gopurenko, D. & Mitchell, A. (in press). Revision of the 
Immaculatus group of Culicoides Latreille (Diptera: Ceratopogonidae) from 
the Australasian region with description of two new species. Zootaxa. 
 
This chapter contributes to aims 2 and 3 of the thesis. Candidate Glenn Bellis 
contributed 50% to the research, 20% to the design and interpretation of the 
molecular analysis and 80% to the writing and editing. Author Alan Dyce 
contributed 50% to the research and 5% to the writing and editing. Author 
David Gopurenko contributed 60% to the design and interpretation of the 
molecular analysis and 10% to the writing and editing. Author Andrew 
Mitchell contributed 20% to the design and interpretation of the molecular 
analysis and 5% to the writing and editing. 
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Revision of the Immaculatus group of Culicoides Latreille (Diptera: Ceratopogonidae) 
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Running title: Revision of the Culicoides Immaculatus group 
 
Abstract: The Immaculatus group encompassing four species from Australia, New 
Caledonia, Fiji, Solomon Islands, New Guinea and the Malay archipelago is revised. 
A diagnosis for the group, descriptions of males and females of C. shivasi sp. n. and 
C. collessi sp. n., a description of the male of C. immaculatus Lee & Reye,  a 
redescription of the female of C. immaculatus and a diagnosis of C. agas Wirth & 
Hubert together with keys for their specific determination are presented. Specific 
separation of the morphologically similar C. shivasi and C. immaculatus is supported 
by DNA barcodes (mitochondrial cytochrome oxidase I or COI) and nuclear 
carbomoylphosphate synthetase (CAD) sequence data. 
 
Introduction 
Dyce (1996) first proposed a grouping of species related to C. immaculatus Lee and 
Reye containing C. agas Wirth & Hubert and two undescribed species. He 
subsequently considered the group endemic to the Australasian region (Dyce 2001) 
and provided illustrations of the wings of five taxa belonging to the group (one 
remains undescribed) (Dyce et al. 2007).  
Recent work has shown that DNA barcoding and genetic analysis of the 
mitochondrial cytochrome oxidase I (COI) gene can be useful in distinguishing 
Culicoides species that are difficult to separate morphologically (Linton et al. 2002; 
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Dallas et al. 2003; Pagès & Sarto i Monteys 2005; Nolan et al. 2007; Pagès et al. 
2009). The majority of these studies have concentrated on the two subgenera of 
greatest veterinary importance, C. subg. Avaritia Fox and C. subg. Culicoides 
Latreille, although data for species from a wider range of subgeneric groupings has 
been generated (Matsumoto et al. 2009) indicating that mitochondrial DNA is likely 
to be widely useful for DNA barcoding and identifying species throughout the genus. 
Nuclear genetic markers can be used to provide independent tests of species 
hypotheses generated by mitochondrial COI barcoding (Dayrat 2005). This approach 
to species diagnostics can also provide novel insights into the evolutionary history of 
focal taxa, particularly when patterns of incongruence are detected between 
independent genomic markers (Dayrat, 2005; Roe & Sperling 2007). 
In this paper a diagnosis is proposed for the Immaculatus group sensu Dyce et 
al. (2007). A first description of the male and a redescription of the female of C. 
immaculatus, diagnoses for C. agas, descriptions of two new species and keys for the 
specific determination of species in this group are provided. DNA barcodes (partial 
mitochondrial COI gene sequences) and nuclear DNA sequence data are presented in 
support of species status and to serve as molecular diagnostics. 
 
Materials and Methods 
Morphology 
This study is based on slide mounted specimens lodged in the Australian National 
Insect Collection, Canberra, ACT Australia (ANIC), Northern Territory Quarantine 
Insect Collection (NTQIC) and the Bernice P. Bishop Museum, Honolulu Hawaii, 
USA (BPBM). 
The descriptive format used herein follows that of Bellis & Dyce (2011) with 
conventional abbreviations for the following ratios: AR, antennal ratio; PR, palpal 
ratio; P/H proboscis to head ratio; CR, costal ratio, TR tarsal ratio; WLB, wing length 
to breadth ratio, this latter being the ratio of wing length to maximum width measured 
perpendicular to the costa at the level of the second radial cell. Terms for antennal 
sensilla follow Wirth & Navai (1978) with the following abbreviations: SCo, 
sensillum coeloconica; STl, long, blunt tipped sensillum trichodea; STc, short, blunt 
tipped sensillum trichodea; SCh sensillum chaetica. Antennal flagellomeres are 
numbered in text and tables from base to apex in Arabic numerals; SCo distributions 
are shown in Arabic numerals representing the flagellomere on which SCo occur, 
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where SCo are both present or absent on a given segment, the relevent segment 
number is bracketed.  
Several characters which are prone to variability even on a single specimen, 
for example the number of mandibular teeth and the spines on the tibial comb, were 
scored from both left and right sides of the specimen. Consistency in tarsal shape, 
tibial comb, eye pubescence, palpal shape and where available, DNA data, were used 
to associate male and female specimens. Species descriptions are accompanied by 
tables of antennal data (Table 1 for female data, Table 2 for male data) and numerical 
data (Tables 3 and 4 for female and Table 5 for male data). 
Political states of Australia are abbreviated as: Qld, Queensland; NT, Northern 
Territory and WA, Western Australia. 
 
DNA barcoding and genetic analyses 
Independent evidence of species status among morphologically similar Culicoides 
immaculatus and C. shivasi specimens was obtained by sequencing portions of the 
mitochondrial cytochrome oxidase I (COI) gene, the “DNA barcode region” (Hebert 
et al. 2003) and the nuclear gene carbomoylphosphate synthetase (CAD, “region 4”) 
of Moulton & Wiegmann 2004).  
Specimens were collected from various locations across northern Australia 
including two sites of sympatry (Hudson Creek and Tree Point, NT) and from the type 
locality of both species (Yam Is, Qld and Darwin, NT, Table 6). Morphologically, 
these two species are most readily distinguished by male genitalia so male specimens 
of both species were included in analyses. A specimen of C. molestus (Skuse) from 
southeastern Queensland was included as the out-group in genetic analyses. 
Specimens analysed were catalogued with unique identification numbers (sample 
IDs). Corresponding specimen collection data and DNA sequences are publically 
available at the Barcode of Life Data Systems [(BOLD), (www.boldsystems.org), 
(Ratnasingham & Hebert 2007)] under the project “Culicoides immaculatus” 
(CUIMM); all DNA sequences are also available in GenBank (Table 6).  
Non-destructive genomic DNA extraction 
DNA extraction was preceded by a non-destructive tissue digestion. Whole 
specimens were digested at 40º C overnight in 240 µL of DXT tissue digestion buffer 
(QIAGEN, Doncaster, Australia) incorporating 1% DX digestion buffer additive 
(QIAGEN). Following digestion, specimens were stored in 70% ethanol and later 
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mounted onto slides following the techniques of Meiswinkel & Dyce (1989). 
DNA was extracted from 220 µL of each sample digest using a Corbett 
Research 1820 X-tractor Gene robotic system and associated DNA extraction kit 
reagents (QIAGEN). Final DNA elutions of 120 µL were stored at -20° C. 
Amplification of the COI and CAD regions and sequencing 
Sample polymerase chain reactions (PCR) were prepared to a final volume of 
15 µL using a Corbett CAS-1200 automated liquid handling workstation. Sample 
reactions included 4 µL of DNA extract in the presence of Invitrogen reagents: 1X 
buffer, 2.8 mM MgCl2, 0.4 units of Platinum
® Taq polymerase, 200 μM dNTPs and 2 
pmol of forward and reverse primers. Thermal cycling was done using an Eppendorf 
Mastercycler ep gradient S PCR machine. A 692 base pair (bp) region of the 
mitochondrial COI barcode region (Hebert et al. 2003) was targeted for PCR 
amplification using primers BC1culicFm and JerR2m (Table 7) with a thermal profile: 
94º C for 2 min; 40 cycles of 94º C for 30 s, 50º C for 30 s, 72º C for 1 min; 72º C for 
5 min; storage at 4º C. 
A two-stage PCR procedure was used to amplify a 743 bp portion of the CAD 
gene from a subset of the two species found in sympatry. For the first stage PCR, a 
785 bp product was amplified using primers 787F and CAD-4Rm (Table 7). The 1st 
stage PCR products were diluted (1:50) and used as template (1 µL) in a 2nd stage 
PCR using primer CAD-4Rm and the internal nested primer 806Fm (Table 7) to 
amplify a 743 bp fragment. CAD PCR reactions were prepared as above for COI but 
were amplified using the thermal cycle: 94º C for 2 min; 5 cycles of 94º C for 30 s, 
55º C for 30 s, 72º C for 1 min; 35 cycles of 94º C for 30 s, 50º C for 30 s, 72º C for 1 
min; 72º C for 5 min; storage at 4º C. 
Primers used were M13 tailed to simplify downstream sequencing (Table 7).  
PCR products were visualized on a UV transilluminator after electrophoresis through 
a 1.5% agarose gel in 1% TAE buffer; products were qualitatively checked for 
expected fragment size against E-Gel size marker (Invitrogen).  PCR products were 
sent to the Australian Genome Research Facility (Brisbane) for purification and 
bidirectional sequencing using an Applied Biosystems 3730xl DNA Analyzer.   
Bidirectional sample sequence AB1 trace files for each gene were quality 
checked and assembled to sample ID using Lasergene SeqMan Pro ver. 8.1.0(3) 
(DNASTAR Inc., Maddison, WI, USA). Final edits to sequence alignments were 
made using BioEdit ver. 7.0.9.0 (Hall 1999).  
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Molecular data analysis 
The BLAST function in GenBank and the species query option within BOLD 
were used to query the identity of sequences as a test for presence of misidentified or 
contaminated specimens in our analyses; our project folder at BOLD containing as yet 
unpublished COI sequences for over 100 species of Culicoides was included in these 
searches. 
At each gene, pairwise Kimura 2-parameter (K2P) distances (Kimura 1980) among 
sequences were calculated and compared as a neighbor-joining (NJ) tree (Saitou & 
Nei 1987) using MEGA version 5 (Tamura et al., 2011).  Node support values within 
the trees were estimated using 10,000 bootstrap replicates (Felsenstein 1985). Trees 
were used in an integrative taxonomic framework (Dayrat 2005; Page et al., 2005; 
Schlick-Steiner et al., 2010) to identify specimen affiliation within well supported 
genetic clades relative to species boundaries defined by morphological criteria. 
Summary sequence statistics (uncorrected percent sequence distances) within and 
among morphospecies were generated for each gene using MEGA version 5 (Tamura 
et al., 2011). 
 
Results 
Taxonomy 
 
Immaculatus group 
Nominate species: Culicoides immaculatus Lee and Reye 1953: 375. 
 
Diagnosis 
Male: the only subgeneric group of Culicoides with unpatterned wings, no SCo on 
distal three flagellomeres and with parameres possessing abruptly recurved, long, 
blade-like distal portions that cross ventrally beneath the aedeagus. Female: the only 
subgeneric group with unpatterned wings and with SCo distributed on at least 
flagellomeres 1,4-8 and with two SCo on 5-8 and with spermathecal ring with 
sclerotised portion more than twice as long as wide,  
 
Description 
Female - eyes widely separated, bare or with dense interfacetal hairs. Antenna with 
flagellomeres evenly clothed in short macrotrichea, 2-8 barrel-shaped, 9-13 
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cylindrical, elongate, narrowing towards apices; SCo always present on at least on 
1,3-8, occassionally absent from 4 in C. agas; usually with two SCo per segment; SCh 
strong and abundant, basal whorls of 6 and 7 on flagellomeres 2-8, usually present in 
lesser numbers on some or all of 9-13; at least two STl plus one or two STc on 2-8. 
Palpus with five segments bearing conspicuous chaetica, 3rd segment usually clavate, 
base narrow, mid section with pronounced mesal swelling, narrowed beyond a 
rounded or shelf-like, shallow sensory pit; mouthparts moderately short, cibarium 
bare. Scutum brown, unpatterned; legs brown, lacking pale bands, hind tibial comb 
with four spines (five in C. agas), first from spur longest. Wing unpatterned with 
costa of medium length; cells r1 and r2 subequal in length, with narrow lumens, with 
or without a distinct stigmatum over r2; veins fuscous, macrotrichia hair-like. Two 
ovoid developed spermathecae with distinct sclerotized necks and ducts two to four 
times the length of a single spermatheca and one vestigial spermatheca  with a short 
duct that attaches to one of the other ducts well before the sclerotized tubular neck. 
Sclerotized neckat least twice as long as wide. 
 
Male – Antenna with flagellomeres 2-10 partially fused and bearing a plume of SCh 
(reduced in number on 9 and 10 of C. collessi); SCo present on at least 1,5-8; a pair of 
STl usually present on at least 1-4; STc present on 1-6; flagellomeres 11-13 elongate 
cylindrical with basal whorls of about seven SCh on 11-12 or entire antenna 
feminized, with reduced plume. Palpus similar to female but smaller,with fewer 
capitate sensilla. Genitalia with ninth tergite variable, apicolateral processes usually 
short, absent in most specimens of C. immaculatus, caudal margin convex, with at 
most a median depression or shallow notch; gonocoxite of moderate size, dorsal and 
ventral roots long, ventral root with foot-shaped apex; short sector of gonostyle 
swollen, otherwise narrow, smoothly curved with obtusely pointed tip. Ninth sternite 
broad, caudomedian excavation broad, very shallow to deep, membrane spiculate. 
Aedeagus A-shaped, about as long as wide or longer with laterally splayed basal arms, 
medium to high arch, body smoothly arched; distal process longer than broad, often 
bifid, sometimes adorned with fine spiculae. Parameres separate, each with strong 
basal knob extended anteriorly to a blunt tip, stem elongate gradually tapering, 
lacking ventral lobe, abruptly recurved to long, blade-like distal portions crossing 
ventrally beneath aedeagus. 
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Immatures: Unknown. 
 
Larval habitats: Immatures of this group have not been collected but the distribution 
and habits of adults suggests these species breed in an estuarine habitat. 
 
World distribution 
Most species are confined to tropical and subtropical areas of the Australasian Region 
with C. agas ranging west to the Indonesian archipelago. 
 
Key to females of species of the Immaculatus species group 
1. Eyes with interfacetal hairs ............................................................................................ 2 
 Eyes bare ........................................................................................................................ 3 
2. SCo present on 9 and 10 ............................................................................................ agas 
SCo absent from 9 and 10 ........................................................................... collessi sp n. 
3. with single SCo on flagellomere 2 ............................................................... shivasi sp n. 
with 1-2 SCo on flagellomere 2* .................................................................. immaculatus 
 
* some  specimens of C. immaculatus cannot be morphologically distinguished from  
C. shivasi 
 
Key to males of species of the Immaculatus species group 
1. yes with interfacetal hairs ............................................................................................... 2 
 Eyes bare ........................................................................................................................ 3 
2. Antennae feminized, lacking plume of SCh on basal flagellomeres ......................... agas 
Antennae with plume of SCh on flagellomeres 1-10, numbers on 9 and 10 
reduced ........................................................................................................ collessi sp n. 
3. 9th tergite with apicolateral processes longer than wide ............................... shivasi sp n. 
9th tergite with apicolateral processes shorter than wide or absent .............. immaculatus 
 
Culicoides agas Wirth & Hubert 1989:438. (Figs 1, 5, 9, 10, 17, 21, 22, 29, 31, 35, 
36, 40, 41, 42, 53) 
Culicoides agas, Dyce 1996:114 (redescription of female and description of male) 
Culicoides agas, Dyce et al. 2007:43 (female wing illustrated). 
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Non-type material examined: Papua New Guinea, Sio, 13.Oct.1960, B. McMillan (1 
female ANIC); Lae, 22.Mar.1963, beach, J. Sedlacek (1 female ANIC); Bouganville 
(S), Arawa Pl'n nr Kieta, 1m, 11.May.1956, J.L. Gressitt (3 females BPBM). 
Solomon Islands, Guadalcanal, Tambea Village Beach, 13.Jan.1974 net 0700-0715 
hr E.J. Reye (1 female, 3 males, ANIC). 
 
Diagnosis: Eyes with interfacetal hairs, tibial comb with five spines and fourth tarsal 
segment cordate in both sexes. Female with SCo distribution 1,(2),3,(4),5-10, with 
single STc and more than two STl on 2-8; SCh fewer than four on 2-7 and absent 
from 8-13. Male with antennae entirely feminised, lacking plume aristae, aedeagus 
with deep basal arch, ninth tergite with well developed apicolateral processes. 
 
Description: Wirth & Hubert (1989) and Dyce (1996) adequately described the adult 
male and female of this species. 
 
Immatures: Unknown 
 
Distribution: Indonesia: Maluku; Papua New Guinea; Solomon Is (Fig 53). 
 
Biology: Wirth & Hubert (1989) summarised the known biology of this species noting 
that it is regarded as a severe pest of humans near the seashore but did not travel 
inland to feed. Collection data of specimens examined in this study support the 
contention that this species occupies coastal habitats. Dyce (1996) suggested that the 
feminised antenna of male C. agas reflected a non-swarming mating strategy. 
 
Remarks: The antennal sensilla arrangement of both sexes of C. agas differs 
significantly from the other three species of the Immaculatus group. The presence of 
SCo and lack of SCh on distal flagellomeres and the shape of the palpal pit of the 
female, the feminisation of the male antenna and cordate 4th tarsal segment of both 
sexes separate this species from the others in the group. 
 
Culicoides immaculatus Lee & Reye 1953:375 (Figs 2, 6, 11, 12, 18, 23, 24, 30, 32, 
37, 43, 44, 45, 52). 
Culicoides immaculatus, Tokunaga 1959:206 (misidentified). 
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Culicoides immaculatus, Dyce et al. 2007:43 (female wing illustrated). 
 
Type material examined: Australia Qld: Holotype, Yam Is., in well, biting, 
22.Aug.1949, I.M. Mackerras (female, ANIC). 
Non-type material examined: Australia NT: Gove, Feb.1970, M. Debenham & M, 
Hicks (3 females ANIC); Gove, Feb.1970, biting, M. Debenham & M. Hicks (5 
females, ANIC); Horn Islet, 25.Feb.1968, 1830-0630, Lt. Tp. Hg. E end Pandanus 
beach, E.J. Reye (2 females, ANIC); Ski Beach via Nhulunbuy, 12°3.1'S 136°42.2'E, 
8.Mar.2002, Lt.Tp., J. Starr (2 females, 3 males, NTQIC); Cape Arnhem, 136º58.5'E 
12º23'S, 13-14.Mar.2002, L.T., Dhimurru (1 male, NTQIC); Fanny Bay, Darwin, 
12.Aug.1969, Light Trap, W. Painter (1 male, ANIC); Barra Base, Bathurst Is, 
19.Apr.1991, Lt. Tp., I. Hazelgrove (2 males, ANIC); Caiman Creek, 11°16'S, 
132°14'E, 21.Jun.2004, G. Bellis(4 females, NTQIC); Waminari Bay, 11°46'S, 
133°25'E, 5.Oct.2009, G. Bellis (1 male, 4 females, NTQIC); Tree Point, 12°18'S, 
131°01'E, 9.Oct.2006, G. Bellis (2 females, NTQIC); Hudson Creek, 12°26'S, 
130°55'E, 27.Nov.2009, L. Melville (1 female, NTQIC). WA: Broome, 17°57'S, 
122°14'E, 14.Jan.2010, L. Halling (1 male, 2 females, NTQIC). Qld: Pt Douglas, Boat 
Shed, 4/5.Nov.1976, L.T., H.A. Standfast (1 female, ANIC); Russell Island, 
6.Mar.1964, to cow, J.A. Stewart, (1 male, ANIC); Nagi Island, Torres Strait, 
10°15'S, 142°29'E, 6.Mar.2008, A.Postle (4 females, NTQIC); Mt. Adolphus Island, 
Torres Strait, 10°38'S, 142°39'E, 17.Oct.2008, A.Postle (1 female, NTQIC); Yam 
Island, Torres Strait, 09°54'S, 142°46'E, 21 Sep 2008, N. David (2 females, NTQIC) 
 
Diagnosis: Eyes bare, tibial comb with four spines and 4th tarsal segment cylindrical 
in both sexes. Female antenna with SCo distribution 1-8, one pair of STl and STc on 
each of 2-8, six to nine SCh on 2-8 and 13, fewer on remainder. Male antennae with 
plume of SCh on 1-10, apicolateral processes on ninth tergite shorter than wide or 
absent, ventral membrane of ninth sternite densely spiculate. 
 
Description: Adults with eyes bare, 3rd palpal segment (Fig 11) expanding apically 
then abruptly narrowed beyond a rounded, shallow, sensory pit with several 
protruding capitate sensilla. Legs (Fig 24) with hind tibial comb (Fig 23) bearing 4 
spines, first or first and second  longest . Fourth tarsal segment of all legs cylindrical. 
Haltere pale. Female with eyes separated by a distance up to 1 facet (Fig 2). Male 
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antenna (Fig 37) with plume of more than 10 SCh on flagellomeres 2-10. 
Hypopygium (Fig 43) with very short apicolateral processes (often absent), no more 
than half as long as broad at base, each with seta; caudal margin shallowly cleft 
medially. Ninth sternite with moderately broad, deep caudomedial excavation, ventral 
membrane densely spiculate. Gonocoxite with dorsal root broadening to truncate 
apex. Aedeagus (Fig 45) with moderately low basal arch (1/2 to 1/3 of total length), 
basal arms relatively stout, well sclerotised, joined by broadly rounded ventral arch; 
distal process as long as basal arms, parallel sided with bifid tip and with spiculate 
excavation medially, sclerotised lateral arms of distal process joined by a hyaline plate 
which extends to about half  length of process.  
 
Distribution: Australia: Qld, NT, WA (Fig 52). 
 
Biology: Debenham (1979) summarised the known biology of this species. 
Distributional data suggests breeding sites in intertidal foreshores or mangrove forest 
although Reye (1992) suggested rocky foreshores were utilised. The effective flight 
range of adult females is about 400m from the breeding site and their activity is 
mainly crepuscular although daytime biting has been recorded (Reye 1992). Humans 
are readily attacked although the primary host is not known (Reye 1992). 
 
Remarks: Male and female specimens of this species can be distinguished from C. 
agas and C. collessi by the lack of interfacetal hairs on the eye. Male C. immaculatus 
can be distinguished from other species of the Immaculatus group by the reduced or 
absent apicolateral processes of the ninth tergite. Differences between this species and 
C. shivasi are outlined in the remarks under C. shivasi. 
 
Culicoides collessi Bellis & Dyce sp n. (Fig 3, 7, 13, 14, 19, 25, 26, 33, 38, 46, 47, 
48, 52) 
Immaculatus Gp sp No1 Dyce et al. 2007:44 (female wing illustrated). 
 
Type material examined: New Caledonia: Holotype: Thio, 11.Nov.1958 C.R. Joyce, 
Light trap (1 female, BPBM), Paratypes: same data as holotype, (5 females; 3males; 
BPBM), Ouano Beach, 13.Nov.1958, C.R. Joyce (3 females, 3 males, BPBM); Fiji 
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Wakaya Is, open area adjacent to pigs, chickens and goats, 11.Dec.1983, L.T., J. Holt 
(2 females, BPBM). 
 
Diagnosis: Eyes pubescent in both sexes. Female antenna with SCo distribution 1-8, 
one pair of STl and STc on each of 2-8, six to eight SCh on 2-8 and on 13, fewer on 
remainder. Male antennae with plume of SCh on 1-10 although with numbers greatly 
reduced on 9 and 10, apicolateral processes on ninth tergite well developed, as long as 
basal width, ventral membrane of ninth sternite with few spicules which are confined 
to the anterior part. 
 
Description: Adults with eyes densely hairy; 3rd palpal segment (Fig 14) expanding 
apically then abruptly narrowed beyond round, shallow, sensory pit with several 
protruding capitate sensilla. Legs (Fig 25) with hind tibial comb (Fig 26) bearing four 
spines, first or first and second longest . Haltere pale. Fourth tarsal segment of all legs 
cylindrical. Female eyes separated by more than 1 facet (Fig 3). Male antenna (Fig 
38) with flagellomeres 2-8 bearing plume of more than 10 SCh and flagellomeres 9 
and 10 bearing a plume of less than five SCh. Hypopygium (Fig 46) with apicolateral 
processes slightly longer than broad at base, caudal margin not cleft. Ninth sternite 
with caudomedial excavation absent or very shallow, ventral membrane with few 
spicules which are confined to the anterior part. Gonocoxite with dorsal root 
broadening to truncate apex. Aedeagus (Fig 48) with moderately deep, curved basal 
arch and weakly rounded shoulders. Distal process as long as basal arms, tip bifid 
with spiculate membrane joining the two apices. 
 
Distribution: New Caledonia and Fiji (Fig 52). 
 
Biology: unknown 
 
Remarks: This species and C. agas are unique in the Immaculatus group in their 
possession of hairy eyes in both sexes. Males of these two species can be separated by 
the completely feminised antennae of C. agas and females by the absence of SCo on 
distal flagellomeres in C. collessi. 
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Etymology: Named in honour of Dr Don Colless in recognition of his contribution to 
medical and veterinary entomology in Australia and Southeastern Asia. 
 
Culicoides shivasi Bellis & Dyce sp n. (Figs 4, 8, 15, 16, 20, 27, 28, 34, 39, 49, 50, 
51, 53). 
Immaculatus Gp sp No2, Dyce et al. 2007:44 (female wing illustrated). 
 
Type material examined: Australia NT: Holotype, Sadgroves Ck, Darwin, Light 
Trap, 12.Apr.1995, M. Shivas, (male, ANIC); Paratypes, same data as holotype (4 
females, 4 males ANIC; 4 females, 4 males NTQIC); Barra Base, Bathurst Is, 
19.Apr.1991, Lt. Tp. I. Hazelgrove (2 males, ANIC); Hudson Creek, 12°26'S, 
130°55'E, 17.Sep.2009, L. Melville (4males, NTQIC); Hudson Creek, 12°26'S, 
130°55'E, 27.Nov.2008, N. Hunt (2males, 3 females, NTQIC); Tree Point, 12°18'S, 
131°01'E, 9.Oct.2006, G. Bellis (2 females, NTQIC). 
 
Diagnosis: Eyes bare in both sexes. Female with antennal SCo distribution 1-8, one 
pair of STl and STc on each of 2-8, six to nine SCh on 2-8, fewer on distals. Male 
with antennal plume of SCh on 1-10, apicolateral processes on ninth tergite well 
developed, longer than basal width. 
 
Description: Adults with eyes bare, 3rd palpal segment (Fig 15) expanding apically 
then abruptly narrowed beyond a round, shallow, sensory pit with several protruding 
capitate sensilla. Legs (Fig 27) with hind tibial comb (Fig 28) bearing 4 spines, first or 
first and second longest . Haltere pale. Fourth tarsal segment of all legs cylindrical. 
Female eyes separated by a distance of up to 1 facet (Fig 4). Male antenna (Fig 39) 
with plume of more than 10 SCh on flagellomeres 2-10. Specimens lacking SCo on 
flagellomere 10 invariably bear a single basiconica in the position where SCo might 
otherwise be expected to be present. Hypopygium (Fig 49) with apicolateral processes 
slightly longer than broad at base; caudal margin without median notch. Ninth sternite 
with caudomedial excavation absent or very shallow, ventral membrane with small 
proximal patch of spicules. Gonocoxite with dorsal root broadening to truncate apex. 
Aedeagus (Fig 51) with moderately low basal arch (slightly more than 1/3 of total 
length), basal arms relatively stout, well sclerotised, joined by a broadly rounded 
ventral arch; distal process as long as basal arms, parallel sided with bifid tip bearing 
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spiculate excavation medially, sclerotised lateral arms of distal process joined by a 
hyaline plate which extends to about half length of the process. 
 
Distribution: Australia, NT (Fig 53). 
 
Biology: Shivas (1999) collected large numbers of this species both in light traps and 
biting humans in the downstream reaches of mangrove forest near Darwin, NT. He 
was not able to locate the breeding site but noted that adult females did not venture far 
from the mangrove forest. 
 
Remarks: Male and female specimens of this species can be distinguished from C. 
agas and C. collessi by the lack of interfacetal hairs. Male C. shivasi can be 
distinguished from C. immaculatus by the longer apicolateral processes on the ninth 
tergite and much shallower excavation on the ninth sternite. 
 
Differentiation of females of C. shivasi and C. immaculatus, which occur together in 
the NT, Australia, is problematic. The higher mean number of SCo on flagellomeres 2 
and 3, the tendency for more mandibular teeth and larger spermathecae of female C. 
immaculatus is unlikely to enable reliable diagnosis of females in the absence of 
males. 
 
Etymology: Named after Dr Martin Shivas in recognition of his contributions to the 
knowledge of mangrove-breeding species of Culicoides in northern Australia. 
 
DNA analyses 
COI ‘barcode’ sequences from C. immaculatus (N = 26), C. shivasi (N=9) and one 
outgroup C. molestus were aligned and end truncated to an equal length of 628 bp 
used for pairwise sequence analyses. A single specimen (ww05460) with a partially 
recovered sequence of 508 bp was included in the COI analyses; missing nucleotides 
at that specimen were treated in sequence comparisons using the pairwise deletion 
option in MEGA. Indels, frame shifts and stop codons were not observed among COI 
sequences and their translations, suggesting pseudogenes were absent in that 
alignment. GenBank did not identify any matches to the queried COI sequences with 
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> 89 % sequence similarity; closest matches to the queried sequences at BOLD were 
exclusively to the targeted species (97 -100 % sequence similarity). 
CAD sequences were recovered from eight specimens, including five 
specimens of C. immaculatus and C. shivasi found in sympatry and one from near the 
type locality of each species (Table 6). The final CAD alignment was truncated to 691 
bp for analyses. Indels, frame shifts and stop codons were absent among CAD 
sequences.  Five unique CAD genotypes were observed among ingroup samples, each 
genotype was homozygous. Searches at Genbank could not identify any matches to 
the CAD sequence queries with > 74 % sequence similarity.  
NJ analysis provided strong support for the separation of C. immaculatus from 
C. shivasi as distinct species. The two species were reciprocally monophyletic at both 
COI (Fig. 54A) and CAD (Fig. 54B). Bootstrap support values for the terminal clades 
inclusive of each species were high at both genes (COI ≥99%; CAD ≥94%). The 
maximum genetic distances observed within species (2.389 % at COI; 0.578 % at 
CAD) were less than half the minimum distances observed between the species (5.564 
% at COI; 1.303 % at CAD). Additional support for independence of the two species 
was evidenced by the absence of shared mitochondrial or nuclear genetic lineages 
between the species at sites of sympatric overlap (Hudson Creek and Tree Point in the 
Northern Territory; Fig. 54 A & B; Table 6).  
There was some evidence of regional maternal phylogeographic structure 
within C. immaculatus. Endemic COI haplotypes present in specimens of C. 
immaculatus from Western Australia differed by up to 2.389 % from C. immaculatus 
specimens from the Northern Territory and Torres Strait (Fig. 54A). There was no 
evidence of shared haplotypes between Western Australia and the Northern Territory/ 
Torres Strait regions; in contrast, several haplotypes present in the Northern Territory 
were also present in specimens from the Torres Strait islands. 
 
Discussion 
As pointed out by Borkent and Grogan (2009), true synapomorphies are yet to be 
identified for subgeneric groupings within the genus Culicoides. Subgeneric 
groupings are consequently based on the sharing of unique characters or suites of 
characters which may eventually be proven to be synapomorphic. The Immaculatus 
group share a suite of characters for example, an elongate spermathecal ring, an 
unpatterned wing, SCo present on basal flagellar segments of the female, and for 
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males the foot-shaped ventral root of the gonocoxite and the parameres with recurved, 
smooth, blade-like apices. Of these, the elongate spermathecal ring does not occur in 
other Australian species and appears to be unique within the genus Culicoides while 
the other characters are represented individually to some extent in other, possibly 
unrelated, taxa. We expect that the CAD sequences generated for this study will prove 
useful for future studies in placing the Immaculatus group within the phylogeny of 
Culicoides as this gene has been useful in resolving the phylogeny of a wide range of 
other insect groups (e.g. Moulton, & Wiegmann, 2004; Regier et al., 2008; Wild & 
Maddison, 2008; Almeida & Danforth, 2009).  
The broader relationships of the Immaculatus group remain unclear. The group 
appears most similar to the subgenus Wirthomyia Vargas which shares the 
unpatterned wing, SCo present on basal flagellar segments of the female and the 
parameres with recurved, smooth apices, and these are suggestive of a relationship. In 
his original description, Vargas (1973) adopted a relatively narrow definition for 
Wirthomyia, including the presence in the female of a pair of internal abdominal 
sclerites. Wada (1979) subsequently broadened this definition to allow inclusion of 
species lacking abdominal sclerites although some characters, for example the 
presence of rounded basal arms and short distal process of the aedeagus, serve to 
separate Wirthomyia from the Immaculatus group. Notably, the aedeagus of at least 
two species currently assigned to Wirthomyia, C. faghihi Navai and C. pallidus 
Khalaf, do not conform to Wada’s (1979) definition indicating that some revision of 
this subgenus is required. 
A further species was included in the Immaculatus group by Dyce et al. (2007) 
(Immaculatus Gp sp No 3, Northern Territory, Barra Base, LT., 19.Apr.1991, I. 
Hazelgrove) but thus far is known only from a single female specimen and until 
further material is available for study (particularly males or DNA data), the status of 
this species remains uncertain. 
The type series of C. immaculatus from Yam Is, Torres Strait, Qld, did not 
contain males making it difficult to be certain which species was represented. 
Examination of male specimens and analysis of COI data from male and female 
specimens across northern Australia, including Yam Is (Table 6), has revealed that C. 
shivasi does not occur outside of the NT and that the only species of the Immaculatus 
group present in Torres Strait, Qld is C. immaculatus. This analysis has also revealed 
that C. immaculatus and C. shivasi occur sympatrically in NT. 
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Analysis of the 5'-half of the COI gene, “DNA barcoding”, has provided 
useful confirmation of the status of C. immaculatus and C. shivasi, two species whose 
females are difficult to distinguish morphologically. This gene has previously been 
shown to be useful in distinguishing species belonging to the Obsoletus complex of C. 
subg. Avaritia and the Pulicaris complex of C. subg. Culicoides whose females are 
also difficult to distinguish morphologically (Pagés & Sarto i Monteys 2005; Nolan et 
al. 2007; Pagés et al. 2009). The application of integrative taxonomy using 
morphological and molecular sequence data should prove to be a powerful approach 
in delineating species limits within a wide range of subgeneric groupings within the 
genus Culicoides. The collection of both mitochondrial and nuclear gene data 
provides independent sources of molecular evidence. Agreement between these data 
sets strengthens the corroboration of species hypotheses based on morphological 
evidence. 
The use of a non-destructive means of extracting DNA allowed the retention 
of slide-mounted voucher specimens alongside corresponding DNA data. This method 
will no doubt prove very useful in studies where molecular analyses reveal the 
existance of cryptic species as the morphology of these specimens can be compared 
following completion of DNA analyses. 
Based on the distribution of included species, Dyce (2001) suggested that the 
Immaculatus group was endemic to Australasia although the presence of C. agas in 
eastern Indonesia suggests that the group may also be represented in the Oriental 
region. Until the relationships between this group and subgenus Wirthomyia, a 
predminantly Holarctic taxon, are clarified it is difficult to speculate on the origins of 
the Immaculatus group. The predominantly tropical distribution of the Immaculatus 
group in Australia suggests that this group may have entered the region from the north 
but whether from a Palearctic source via Southeastern Asia or from New Guinea is 
difficult to ascertain.  
Preliminary evidence presented here of strong phylogeographic structure 
separating Western Australian C. immaculatus from genetically homogenous C. 
immaculatus distributed between the NT and the Torres Strait, indicates the 
possibility of historically independent northern and western populations of C. 
immaculatus in Australia. The apparent lack of contemporary gene flow between the 
west and the north, evidenced by an absence of shared COI haplotypes among the 
regions, may be explained by the paucity of continuous mangrove habitats along the 
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north-western Australian coastline. Contemporary barriers to gene flow separating 
western from northern Australian coastal populations have similarly been observed in 
a number of estuarine species reliant, as is probably the case with C. immaculatus, on 
mangrove habitats at some stage in their life histories (Gopurenko et al. 2002; 
Eldridge et al. 2012; Horne et al. 2012).  
Few long series of any species of the Immaculatus group exist in collections. 
This may be due to the apparent reluctance of adults of at least some species to travel 
far from the breeding areas (Wirth & Hubert 1989; Shivas 1999) but specimens are 
possibly also overlooked in light trap collections as they lack the wing patterning 
which is characteristic of so many other species of Culicoides. Consequently, 
extensions to the known range of these species or the discovery of further species 
belonging to the Immaculatus group is considered likely. 
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Figures. 
 
FIGURES 1–8. Eye separation and wing of female Culicoides Immaculatus group 
species. 1, 5. C. agas Wirth & Hubert. 2, 6. C. immaculatus Lee & Reye. 3, 7. C. 
collessi Bellis & Dyce sp n. 4, 8. C. shivasi Bellis & Dyce sp n. 
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 FIGURES 9–20. Female Culicoides Immaculatus group species. 9, 10, 17. C. agas 
Wirth & Hubert, mandibular teeth, palp and spermathecae. 11, 12, 18. C. immaculatus 
Lee & Reye, palp, mandibular teeth and spermathecae. 13, 14, 19. C. collessi Bellis & 
Dyce sp n., mandibular teeth, palp and spermathecae. 15, 16, 20. C. shivasi Bellis & 
Dyce sp n., palp, mandibular teeth and spermathecae 
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 FIGURES 21–28. Female Culicoides Immaculatus group species. 21, 22. C. agas 
Wirth & Hubert, legs and tibial comb. 23, 24. C. immaculatus Lee & Reye, tibial 
comb and legs . 25, 26. C. collessi Bellis & Dyce sp n., legs and tibial comb. 27, 28. 
C. shivasi Bellis & Dyce sp n., legs and tibial comb. 
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 FIGURES 29–39. Antennae of Culicoides Immaculatus group species. 29, 31, 35, 36. 
C. agas Wirth & Hubert, female flagellomere 4 and antenna and male flagellomere 4 
and antenna. 30, 32, 37. C. immaculatus Lee & Reye, female flagellomere 4 and 
antenna and male antenna.. 33, 38. C. collessi Bellis & Dyce sp n., female and male 
antenna 34, 39. C. shivasi Bellis & Dyce sp n., female and male antenna. 
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 FIGURES 40–51. Male Culicoides Immaculatus group species. 40–42. C. agas Wirth 
& Hubert, hypopygium, parameres and aedeagus. 43–45. C. immaculatus Lee & 
Reye, hypopygium, parameres and aedeagus. 46–48. C. collessi Bellis & Dyce sp n., 
hypopygium, parameres and aedeagus. 49–51. C. shivasi Bellis & Dyce sp n., 
hypopygium, parameres and aedeagus. 
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 FIGURES 52–53. Distribution of Culicoides Immaculatus group species based on 
published records (Lee & Reye 1953; Wirth & Hubert 1989, Dyce 1996) and 
specimens represented in ANIC and BPBM. 52. C. immaculatus Lee & Reye and C. 
collessi Bellis & Dyce sp n. 53. C. agas Wirth & Hubert and C. shivasi Bellis & Dyce 
sp n. 
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 FIGURE 54. Neighbor-joining tree of (A) mitochondrial COI and (B) nuclear CAD 
sequences present among C. immaculatus and C. shivasi specimens. Trees rooted at 
an out-group C. molestus. Node supports estimated by bootstrapping (N=10,000 
replications; node supports < 70 % not shown). Tip labels indicate: sample region and 
sample ID (refer Table 6 for associated sample ID details). Sample regions indicated 
as: NT = Northern Territory, TS = Torres Strait, WA = Western Australia. Species 
sympatry present at: open triangle = Tree Pt, NT; closed circle = Hudson Ck, Darwin, 
NT. Scale bar indicates percentage difference under a K2P nucleotide substitution 
model. 
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Table 1. Intraspecies and interspecific variation of the distributions and abundance of sensilla on female antennae for species of the Immaculatus group of 
Culicoides.  Mean values are followed by ranges (in parentheses). 
 
character species antennal flagellomere 
  1 2 3 4 5 6 7 8 9 10 11 12 13 
SCo agas 2.1 (2-4) 0.1 (0-1) 1 (0-2) 0.4 (0-1) 2 (1-2) 1.8 (1-2) 1.9 (1-2) 2 (2) 1 (1) 1 (1) 0 0 0 
  immaculatus 1 (1) 1.38 (1-2) 1.79 (1-2) 1.88 (1-2) 2 (2) 2.04 (2-3) 2.04 (2-3) 1.92 (1-2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
  shivasi 0.94 (0-1) 1 (1) 1.06 (1-2) 1.94 (1-2) 2 (2) 2 (2) 2 (2) 2 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
  collessi 0.89 (0-1) 0.36 (0-1) 1.31 (1-2) 1.4 (1-2) 1.92 (1-2) 2 (2) 2 (2) 2.33 (2-3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
STL agas 2  2.3  3.6  3.7  5.9  5.5  5.3  8.3  - - - - - 
  immaculatus 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
  shivasi 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
  collessi 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
STc agas 0 1  1  1  1  1  1  1  - - - - - 
  immaculatus 1 (1) 2 (1-3) 2 (2) 1.95 (1-2) 2 (2) 1.86 (1-2) 2 (2) 1.95 (1-2) - - - - - 
  shivasi 0.94 (0-1) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
  collessi 0.89 (0-1) 1.93 (1-2) 2 (2) 2 (2) 1.91 (1-2) 1.87 (1-2) 1.86 (1-2) 1.77 (1-2) - - - - - 
SCh agas 5.2  4  2  3.5  2.1  3.2  2  0 0 0 0 0 0 
  immaculatus 9.77 (8-11) 8.63 (7-10) 8.17 (7-10) 8.5 (7-10) 8.04 (7-10) 7.79 (6-9) 7.13 (5-8) 6.83 (6-8) 2.95 (2-4) 2.59 (2-4) 0.32 (0-2) 3.05 (1-5) 5.38 (4-6) 
  shivasi 10.31 (9-12) 8.75 (7-10) 8.25 (8-10) 8.69 (8-10) 8.31 (7-9) 8.44 (7-10) 7.5 (6-9) 6.94 (6-8) 3.63 (3-5) 2.56 (2-3) 0 (0) 2.63 (1-4) 5 (4-6) 
  collessi 8.67 (8-10) 6.71 (6-8) 6.71 (6-8) 6.75 (6-7) 6.71 (6-7) 6.53 (6-7) 6.53 (6-7) 6.6 (6-7) 2.13 (2-3) 2 (2) 0.33 (0-1) 1.92 (1-3) 6 (6) 
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Table 2. Intraspecies and interspecific variation of the distributions and abundance of sensilla on male antennae for species of the Immaculatus group of Culicoides.  
Mean values are followed by ranges (in parentheses). 
character species antennal flagellomere 
  1 2 3 4 5 6 7 8 9 10 11 12 13 
SCo C. agas 1 0 0 0 0.8 1 1 1 1 1 0 0 0 
 C. immaculatus 1.91 (1-2) 0 0 0 1 (1) 1.73 (1-2) 1.71 (1-2) 1.86 (1-2) 1.07 (1-2) 0.93 (0-1) 0 0 0 
 C. shivasi 2 (2) 0 0 0 0.94 (0-1) 2 (2) 2 (2) 2 (2) 1.11 (1-2) 0.17 (0-1) 0 0 0 
 C. collessi 2 (2) 0 0 0 1 (1) 2 (2) 2 (2) 2 (2) 0 0 0 0 0 
STl C. agas 2 3.1 3.1 3.8 4 5.5 5 6.9 - - - - - 
 C. immaculatus 1.92 (1-2) 1.23 (1-2) 1.87 (1-2) 1.36 (1-2) 0 0 0 0 0 0 - - - 
 C. shivasi 2 (2) 2 (2) 2 (2) 2 (2) 0 0 0 0 0 0 - - - 
 C. collessi 2 (2) 1.33 (1-2) 1.33 (1-2) 1 (0-2) 0 0 0 0 0 0 - - - 
STc C. agas 0 1 1 1 1 1 1 1 - - - - - 
 C. immaculatus 0.08 (0-1) 1.15 (1-2) 1.15 (1-2) 1.08 (1-2) 1 (1) 1 (1) 0.9 (0-1) 1 (1) 0.57 (0-1) 0.13 (0-1) - - - 
 C. shivasi 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0.94 (0-1) 1 (1) 1 (1) 0 - - - 
 C. collessi 1 (1) 1 (1) N/A 1 (1) 0.75 (0-1) 0.5 (0-1) 0 0 0 0 - - - 
SCh C. agas 6 4 2.1 3.4 2 3.2 2 0 0 0 0 0 0 
 C. immaculatus 7.92 (3-11) - - - - - - - - - 7.4 (6-9) 7.53 (7-9) 0 
 C. shivasi 7.89 (4-10) - - - - - - - - - 6.67 (6-8) 6.89 (5-8) 0 
 C. collessi N/A - - - - - - - - - 7.29 (6-8) 6.83 (6-7) 0 
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Table 3. Intraspecies and interspecific variation of some numerical thoracic characters of female specimens of species of the Immaculatus group of Culicoides. 
Species Wing Length 
(mm) 
Wing L/W 
ratio 
Costal Ratio Antennal 
Ratio 
Palpal Ratio Palp 
lengths 
P/H Ratio Teeth Tibial ratio Tibial 
comb 
agas 
1.07  
(1-1.2,  
n = 8) 
2  
(1.88-2.1,  
n = 5) 
0.64  
(0.61-0.66,  
n = 7) 
1.19  
(1.13-1.27,  
n = 6) 
2.67  
(2.35-2.9,  
n = 8) 
3:1:1  
(n = 7) 
0.79  
(0.71-0.86,  
n = 6) 
14.42  
(12-17,  
n = 12) 
1.99  
(1.94-2.1,  
n = 4) 
5  
(5,  
n = 9) 
immaculatus 
0.87  
(0.83-0.91,  
n = 10) 
2.03  
(1.98-2.08,  
n = 5) 
0.59  
(0.57-0.63,  
n = 10) 
0.99  
(0.93-1.06,  
n = 7) 
2.74  
(2.59-2.91,  
n = 10) 
4:2:1  
(n = 7) 
0.99  
(0.94-1.03,  
n = 10) 
17.17  
(16-18,  
n = 12) 
2.27  
(2.12-2.4,  
n = 8) 
3.94  
(3-4,  
n = 18) 
shivasi 
0.86  
(0.82-0.9,  
n = 8) 
2.16  
(2.1-2.24,  
n = 8) 
0.6  
(0.58-0.61,  
n = 8) 
1.01  
(0.97-1.04,  
n = 8) 
2.64  
(2.45-2.75,  
n = 8) 
6:3:1  
(n = 8) 
1.01  
(0.99-1.06,  
n = 7) 
15.88  
(14-18,  
n = 16) 
2.27  
(2.21-2.34,  
n = 6) 
4  
(4,  
n = 15) 
collessi 
0.94  
(0.84-1.05,  
n = 9) 
2.08  
(2-2.14,  
n = 9) 
0.62  
(0.6-0.62,  
n = 9) 
1.12  
(1.03-1.19,  
n = 6) 
2.77  
(2.29-3.18,  
n = 9) 
8:3:3  
(n = 10) 
0.98  
(0.91-1.08,  
n = 8) 
15.88  
(14-18,  
n = 17) 
2.55  
(2.38-2.81,  
n = 9) 
4.11  
(4-5,  
n = 19) 
 
Table 4. Intraspecies and interspecific variation of some numerical abdominal characters of female specimens of species of the Immaculatus group of Culicoides. 
Species Spermathcae I 
(µm) 
Spermatheca II 
(µm) 
Necks 
(µm) 
vestigial 
spermatheca (µm) 
ring length 
(µm) 
ring width 
proximal (µm) 
ring width 
distal (µm) 
agas 47.31 x 39.84 47.31 x 39.84 12.45 22.4 16 (12-19) 8 (7-9) 7 (6-7) 
immaculatus 40.55 x 30.41 40.05 x 32.37 5.55 18.5 24 (22-25) 5 (5-6) 5 (5-6) 
shivasi 36.73 x 27.39 30.95 x 25.43 1.71 9.96 21 (20-22) 5 (5-6) 5 (5-6) 
collessi 39.84 x 26.15 32.37 x 24.9 4.36 11.8 25 (21-32) 5 (4.98) 6 (5-7) 
 
Table 5. Intraspecies and interspecific variation of some numerical characters of male specimens of species of the Immaculatus group of Culicoides. 
Species Wing Length (mm) Wing L/W ratio Antennal Ratio Palpal Ratio tibial comb 
agas 0.83 (0.8-0.86, n = 9) 1.98 (1.87-2.05, n = 9) 1.17 (1.12-1.23, n = 6) 2.2 (2.1-2.29, n = 3) 5 (5, n = 3) 
immaculatus 0.86 (0.79-0.91, n = 5) 2.52 (2.47-2.56, n = 5) 0.84 (0.78-0.9, n = 14) 2.13 (2.08-2.17, n = 3) 4 (4, n = 8) 
shivasi 0.8 (0.75-0.84, n = 8) 2.77 (2.68-2.9, n = 8) 0.75 (0.71-0.79, n = 18) 2.35 (2.2-2.67, n = 4) 4 (4, n = 7) 
collessi 0.88 (0.82-0.92, n = 5) 2.54 (2.33-2.79, n = 5) 1.06 (1.03-1.08, n = 3) 2.6 (2.19-2.78, n = 4) 4 (4, n = 6) 
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 Table 6. Collection data for voucher Culicoides specimens used in genetic analyses. GenBank accession numbers of newly identified sequences at mitochondrial cytochrome oxidase I (COI) and 
nuclear carbomoylphosphate synthetase (CAD) genes as indicated (na = not available). Regions identified as Northern Territory (NT), Torres Strait (TS), mainland Queensland (Qld), and Western 
Australia (WA). 
 
 Sample ID gender COI CAD Region Location Latitude Longitude Sample date Collector 
 Culicoides 
immaculatus 
 ww05404 female JX681703 XXX TS Nagi Island 10°15'S 142°29'E 06 Mar 2008  A.Postle 
 ww05405 female JX681713 na TS Nagi Island 10°15'S 142°29'E 06 Mar 2008  A.Postle 
 ww05406 female JX681712 na TS Nagi Island 10°15'S 142°29'E 06 Mar 2008  A.Postle 
 ww05407 female JX681711 na TS Nagi Island 10°15'S 142°29'E 06 Mar 2008  A.Postle 
 ww05424 female JX681710 na TS Mt. Adolphus Island 10°38'S 142°39'E 17 Oct 2008  A.Postle 
 ww05441 female JX681709 na NT Rocky Bay 12°16'S 136°54'E 17 May 2010  G. Bellis 
 ww05442 female JX681708 na NT Rocky Bay 12°16'S 136°54'E 17 May 2010  G. Bellis 
 ww05443 female JX681707 na NT Rocky Bay 12°16'S 136°54'E 17 May 2010  G. Bellis 
 ww05444 female JX681706 na NT Rocky Bay 12°16'S 136°54'E 17 May 2010  G. Bellis 
 ww05459 female JX681705 na TS Yam Island 09°54'S 142°46'E 21 Sep 2008  N. David 
 ww05460 female JX681704 na TS Yam Island 09°54'S 142°46'E 21 Sep 2008  N. David 
 ww05474 female JX681725 na NT Caiman Creek 11°16'S 132°14'E 21 Jun 2004  G. Bellis 
 ww05475 female JX681724 na NT Caiman Creek 11°16'S 132°14'E 21 Jun 2004  G. Bellis 
 ww05476 female JX681723 na NT Caiman Creek 11°16'S 132°14'E 21 Jun 2004  G. Bellis 
 ww05477 female JX681722 na NT Caiman Creek 11°16'S 132°14'E 21 Jun 2004  G. Bellis 
 ww05478 female JX681721 na NT Waminari Bay 11°46'S 133°25'E 05 Oct 2009  G. Bellis 
 ww05931 female JX681720 na NT Tree Point 12°18'S 131°01'E 09 Oct 2006  G. Bellis 
 ww05937 female JX681719 XXX NT Waminari Bay 11°46'S 133°25'E 05 Oct 2009  G. Bellis 
 ww05938 female JX681718 na NT Waminari Bay 11°46'S 133°25'E 05 Oct 2009  G. Bellis 
 ww05939 female JX681717 na NT Waminari Bay 11°46'S 133°25'E 05 Oct 2009  G. Bellis 
 ww05940 male JX681716 na NT Waminari Bay 11°46'S 133°25'E 05 Oct 2009  G. Bellis 
 ww06363 female JX681715 XXX NT Tree Point 12°18'S 131°01'E 12 Oct 2006  G. Bellis 
 ww08180 female JX681714 XXX NT Hudson Creek 12°26'S 130°55'E 27 Nov 2009  L. Melville 
 ww15333 male JX681699 na WA Broome 17°57'S 122°14'E 14 Jan 2010  L. Halling 
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 ww15334 female JX681702 na WA Broome 17°57'S 122°14'E 14 Jan 2010  L. Halling 
 ww15335 female JX681701 na WA Broome 17°57'S 122°14'E 14 Jan 2010  L. Halling 
 Culicoides shivasi 
 ww05932 female JX681729 XXX NT Tree Point 12°18'S 131°01'E 09.Oct.2006  G. Bellis 
 ww06362 female JX681731 XXX NT Tree Point 12°18'S 131°01'E 09.Oct.2007  G. Bellis 
 ww05941 male JX681735 na NT Hudson Creek 12°26'S 130°55'E 17.Sep.2009  L. Melville 
 ww05942 male JX681733 na NT Hudson Creek 12°26'S 130°55'E 17.Sep.2009  L. Melville 
 ww05944 male JX681732 na NT Hudson Creek 12°26'S 130°55'E 17.Sep.2009  L. Melville 
 ww08189 female JX681728 na NT Hudson Creek 12°26'S 130°55'E 27.Nov.2008  N. Hunt 
 ww08190 male JX681727 na NT Hudson Creek 12°26'S 130°55'E 27.Nov.2008  N. Hunt 
 ww08191 male JX681734 XXX NT Hudson Creek 12°26'S 130°55'E 27.Nov.2008  N. Hunt 
 ww08192 female JX681730 na NT Hudson Creek 12°26'S 130°55'E 27.Nov.2008  N. Hunt 
 Culicoides molestus 
 ww06347 female JX681726 XXX Qld Boondal wetlands 27°20'S 153°4'E 21. Oct. 2008  M. Shivas 
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Table 7 
Primers used for amplification of partial mitochondrial Cytochrome oxidase I (COI) and nuclear carbomoylphosphate synthetase (CAD) genes. Degenerate bases in lowercase. Primers with 5’ M13 
tails are identified by “m” suffix; M13 tail sequences are italicised at forward primers and underlined at reverse primers. Primer sources: (1) modified from Cho et al. (2008) and originally based on 
(a) Folmer et al. (1994) and (b) Simon et al. (1994) respectively; (2) Moulton & Wiegmann (2004); (3) designed this project. Refer to Methods for primer combinations and PCR conditions. 
 
 Primer Sequence (5’ – 3’) Target  Primer 
source 
 BC1culicFm GTAAAACGACGGCCAGTTCwACwAAyCAyAAArwTATTGG COI 1a 
 JerR2m CAGGAAACAGCTATGACCCAAArAATCArAAyArrTGTTG COI 1b 
     
     
 787F GGdGTnACnACnGCnTGyTTyGArCC CAD 2 
 806Fm GTAAAACGACGGCCAGTGTnGTnAArATGCCnmGnTGGGA CAD 2 
 CAD-4Rm CAGGAAACAGCTATGACTCrTArTCnGTrCTnACnGTyTCdGG CAD 3 
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Chapter 6. Revision of the Coronalis group of Culicoides Latreille (Diptera: 
Ceratopogonidae) from the Australasian region with description of a new species. 
 
This chapter contributes to aims 2 and 3 of the thesis. Candidate Glenn Bellis contributed 
50% to the research, 20% to the design and interpretation of the molecular analysis 
and 85% to the writing and editing. Author Alan Dyce contributed 50% to the 
research and 5% to the writing and editing. Author David Gopurenko contributed 
60% to the design and interpretation of the molecular analysis and 10% to the writing 
and editing. Author Andrew Mitchell contributed 20% to the design and interpretation 
of the molecular analysis. 
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Running title: Revision of the Culicoides Coronalis group 
 
Abstract: The Coronalis group encompassing two species from Australia is revised. A 
diagnosis for the group, a first description of the male of C. coronalis Lee & Reye and 
comparative descriptions of males and females of C. nigritrans sp nov. and of C. coronalis 
are presented together with keys for their specific determination. Specific separation of these 
morphologically similar species are supported by Cytochrome Oxidase I (COI). 
 
Introduction 
The structure of the genitalia of male Culicoides have long been used in descriptions of both 
species and subgenera (Carter et al. 1920; Vargas 1960). In common with many other insect 
groups however, the genitalia of females of Culicoides have not received the same level of 
attention. Pomerantzev (1932) provided a detailed description of the genitalia of females of 
C. nubeculosus (Meigen) and C. fascipennis (Staeger) but only the number and shape of 
spermathecae and the sclerotized ring are routinely used in taxonomic descriptions (Cornet 
1974). Recently, the shape and degree of separation of the subgenital plates has been used to 
separate morphologically similar species of C. subgen. Avaritia (Augot et al. 2010) and 
detailed examination of these structures may reveal it to be more broadly useful (Meiswinkel 
2004).  
A little studied character of the female reproductive system is the arrangement of the 
spermathecal ducts. Possibly due to the difficulties in seeing these ducts in mounted 
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specimens, there are few species whose ducts have been illustrated and only a single analyses 
of their usefulness in specific or subgeneric diagnoses has ever been reported (Glukhova 
1971). For those species for which data is available, specimens possessing two functional 
spermathecae have double bifurcate ducts with the duct from the vestigial spermatheca 
joining the duct from one of the other spermathecae well before joining the duct from the 
remaining spermatheca and forming a T-shaped junction with the bursa anterior to the 
sclerotised ring, where present (Pomerantzev 1932; Delécolle & Kremer 1982; Bellis et al in 
press). The ducts of females possessing three spermathecae in C. subgen. Trithecoides Wirth 
& Hubert, C. subgen. Selfia Khalaf and C. subgen. Marksomyia Bellis & Dyce however, have 
trifurcate ducts with all three converging into the bursa at or near to the same point close to 
the sclerotised ring, where present (Atchley 1970; Wirth & Hubert 1989; Bellis & Dyce 
2011).  
Amongst the Australasian fauna, spermathecal ducts have been illustrated for only 18 
species (Wirth & Hubert 1989; Bellis & Dyce 2011; Bellis et al in press). One of the species 
groups whose spermathecal ducts have not been illustrated is the Coronalis group first 
proposed by Dyce (2001) and containing C. coronalis and one undescribed species. Although 
the female of C. coronalis was redescribed by Wirth & Hubert (1989) and the female wing of 
both species were illustrated by Dyce et al. (2007), the male of C. coronalis remains 
undescribed and certain aspects of the female, particularly the distribution and abundance of 
the various forms of antennal sensilla and the spermathecal ducts, require some redescription. 
Increasingly, genetic analysis of a range of DNA sequences are being used to support 
species delineation based on morphology. Analysis of the COI gene “barcoding” region has 
dominated these studies, has been shown to be applicaabe across a wide range of subgeneric 
groupings (Matsumoto et al. 2009; Bellis et al. in press) and has been particularly useful in 
separating species of Culicoides whose females are indistinguishable morphologically 
(Linton et al. 2002; Pagès & Sarto i Monteys 2005; Nolan et al. 2007; Pagès et al. 2009; 
Bellis et al. in press).  
In this paper a diagnosis is proposed for the Coronalis group sensu Dyce et al (2007). 
A first description of the male and a redescription of the female of C. coronalis and a 
description of a new species and keys for the specific determination of species in this group 
are provided. Molecular COI data for these species is also presented in support of their status. 
 
Methods and Materials: 
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Morphology 
This study is based on slide–mounted specimens lodged in the Australian National Insect 
Collection, Canberra, ACT, Australia (ANIC) and the Northern Territory Quarantine Insect 
Collection, Australia (NTQIC)  
The descriptive format for adults used herein follows that of Bellis & Dyce (2012). 
Conventional abbreviations are used for the following ratios: AR, antennal ratio; PR, palpal 
ratio; P/H proboscis over head ratio; CR, costal ratio and TR, tarsal ratio. The wing 
length:width ratio is the ratio of wing length to maximum width measured perpendicular to 
the costa at the level of the distal margin of the second radial cell. Terms for antennal sensilla 
follow Wirth & Navai (1978) with the following abbreviations: SCo, sensillum coeloconica; 
STl, long, blunt–tipped sensillum trichodea; STc, short, blunt–tipped sensillum trichodea; and 
SCh sensillum chaetica. Antennal flagellomeres are numbered in text and tables from base to 
apex in Arabic numerals. SCo and STl distributions are shown in Arabic numerals 
representing the segment on which sensilla occur, where sensilla are both present or absent 
on a given segment the relevant segment number is bracketed.  
Several characters which are prone to variability even on a single specimen, for 
example the number of mandibular teeth and the spines on the tibial comb, were scored from 
both the left and right sides of the specimen. Consistency in wing patterning, tibial comb, eye 
pubescence, palpal shape and sensilla arrangement, leg patterning and where available, COI 
sequence data, were used to associate male and female specimens in collections. 
Species descriptions are accompanied by tables of antennal data (Table 1 for female 
data, Table 2 for male data) and numerical data (Table 3 for female and Table 4 for male 
data). 
Political regions are abbreviated as: Queensland, Qld; Northern Territory, NT; and 
PNG, Papua New Guinea. 
 
DNA barcoding and genetic analyses 
Independent evidence of the specific status of C. coronalis and C. nigritrans sp nov. was 
obtained by sequencing portions of the mitochondrial cytochrome oxidase I (COI) gene (the 
“DNA barcode region” of Hebert et al. 2003). 
Specimens were collected from various locations across Australia to explore the genetic 
diversity present in geographically separate populations. All specimens used in genetic 
analyses were catalogued with unique specimen ID’s and stored at NTQIC. A single 
237
specimen of Culicoides molestus (Skuse) from was included as an outgroup. Corresponding 
specimen collection data and DNA sequences are publically available at the Barcode of Life 
Data Systems (BOLD) (www.boldsystems.org; (Ratnasingham & Hebert 2007)) under the 
project “Culicoides coronalis” (CUCOR). 
Non-destructive DNA extraction and specimen processing was conducted following 
the procedures outlined by Bellis et al. (in press). 
 
Coronalis Group (gp. nov.) 
Nominate species: Culicoides coronalis Lee and Reye 1955: 234. 
 
Diagnosis 
Female: the only subgeneric group of Culicoides with wing indistinctly patterned with dark 
marking centred over r-m crossvein and with two functional spermathecae with trifurcate 
spermathecal ducts. Male: the only subgeneric group of Culicoides with with wing 
indistinctly patterned with dark marking centred over r-m crossvein and with parameres fused 
into a single body bearing a short distal process. 
Description 
Female - eyes almost contiguous with a conspicuous cover of interfacetal hairs. Antennae 
pale brown, basal flagellomeres 1-8 barrel-shaped, distal flagellomeres elongate cylindrical 
increasing gradually in length from 9-13; SCo distribution 1, 5-8, rarely present on other 
proximals; basal whorls of 5-7 stout SCh present on 2-8, SCh absent from segments 9-13; 
two STl and one STc on each of flagellomeres 1-8. Palpus of five segments with a sparse 
covering of fine chaetica, segment 3 swollen and with a moderately deep sensory pit opening 
via a small round pore. Mouthparts of medium length, mandible bearing 13-17 strong teeth of 
even size; cibarium unarmed. Mesonotum brown, unpatterned; hind tibial comb with five to 
six spines, the one nearest the spur longest. Wing with cells r1 and r2 subequal in length, 
lumens narrow, r2 entirely covered by diffuse pale area; wing pattern of diffuse large pale 
areas on a largely fuscous background; veins dark; r-m crossvein under a dark stigmatum; 
microtrichia sparsely dispersed, spiculate. Two ovoid developed spermathecae, one vestigial, 
ring absent; subgenital plate crown-shaped; spermathecal ducts about twice the length of a 
spermatheca, trifurcate with the ducts converging into the bursa at an acute angle at about the 
same point. 
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Male - antennal flagellomeres 1-10 fused, single oblique whorl of SCh present on each 
forming a plume; SCo distribution 1,6,8,9 STl distribution 1-5,7 with paired STl only on 1-4; 
STc distribution 2-7(9-11), SCh present on 1, and in basal whorl of three SCh and a single, 
smaller SCh located slightly distad of the basal whorl on 11 and paired on 12; an uneven 
covering of microtrichea on 1-10 confined to side opposite to plume hairs. Wing patterned 
similarly to female but much less well defined. Genitalia with ninth tergite first broadening 
from base then narrowing distally; posteriolateral processes quite tiny, each bearing a strong 
hair, caudal margin slightly emarginate. Ninth sternite broad with wide caudomedian 
excavation, membrane bare. Gonocoxite moderately stout, dorsal and ventral roots simple 
and short; gonostylus broad for two thirds of length, abruptly narrowed, then curving to end 
in a sharp point. Aedeagus with stout elongate body, arch at one-third from base, distal 
process short and broad with a terminal flange. Parameres totally fused to form a single body 
bearing a short broad distal process. 
 
Immatures: Unknown. 
Larval habitat: Unknown but undoubtedly maritime. 
 
WORLD DISTRIBUTION 
Known only from northern Australian shorelines, Papua New Guinea, Indonesia and the 
Philippines. 
 
Species included: Only two species known at present, C. coronalis and C. nigritrans sp nov. 
 
Key to females of species of the coronalis group 
1. PR less than 2.1 ................................................................................................ nigritrans 
–PR more than 2.1 ............................................................................................. coronalis 
 
Key to males of species of the coronalis group 
1. Aedeagus with basal arms distinctly tapering apically; distal process with recurved 
flanges extending anteriorly beyond shoulders; paramere with bifid apex; flagellomere 12 
with 4 SCh ......................................................................................................... coronalis 
–Aedeagus with basal arms roughly parallel for entire length; distal process with 
recurved flanges not extended to shoulders; paramere with emarginate or convex apex; 
flagellomere 12 with about 5 SCh .................................................................... nigritrans 
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 Culicoides coronalis Lee and Reye 
(Fig. 1, 3, 4, 7, 9, 11, 14, 16, 18, 20, 22-24, 28, 29) 
 
Culicoides coronalis Lee and Reye 1955:234; Wirth & Hubert 1989:440; Dyce et al. 
2007:41. 
 
Type material examined.Australia Qld, Holotype female Prince of Wales Is, N. Qld., 
31.xii.1952, 2000-2100 hrs on sandy beach, J. Manner 396 (ANIC). Paratypes, same data as 
holotype, number 392, 393 and 394 (3 females, ANIC). 
Non-type material examined. Australia Qld, Prince of Wales Is, 6.iii.1952, 1900 hrs on open 
beach, P.Robinson, RA/45c EJR, (3 females ANIC), Sue Is, 27.i.1978, Lt. Tp. R. Lewis (5 
males, 1 female, ANIC), Torres Strait, Nagir Is 6-7.iii.2008, A. Postle (1 male, NTQIC); Mt. 
Adolphus, tip of Cape York Peninsula, 10.633S, 142.65E, 17.Oct.2008, A.Postle (4 
females, NTQIC). 
 
Diagnosis: Female: the only species in the group with a palpal ratio greater than 2.15. Male 
the only species in the group with two STl on flagellomeres 5 and 7; aedeagus with 
membranous distal process and lateral projections extending anteriorly to surpass posterior 
extremity of aedeagus body; parameres with distal process bifid. 
Description. Adults: Both sexes with legs unbanded (Fig. 8) and haltere pale brown. Degree 
of eye separation in the female varies from almost touching to separated by a distance of up 
to 1 facet (Fig. 1). Female palpal segment 3 with pit diameter about 2/3 the width of segment 
and about ½ to ¾ as deep as wide (Fig. 10). Male palpal segment 3 with pit diameter about 
2/3 the width of the segment and about ½ to almost as deep as wide, numerous capitate 
sensilla present but not protruding above level of pit. Hypopygium (Fig. 22) with ninth tergite 
apicolateral processes tiny or absent; caudal margin more or less flat, without median notch. 
Ninth sternite with shallow caudomedial excavation. Aedeagus (Fig. 24) with a moderate 
basal arch, heavily chitinised basal portion with large, relatively straight basal arms 
converging apically to a rounded tip from which the membranous distal process emerges; 
distal process strongly bifid, apices recurved anteriorly and reaching forward over the apex of 
the basal portion. Parameres (Fig. 23) fused into a V-shaped structure with slender basal arms 
and a bifid apex. 
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 Distribution. (Fig. 28) coastal environments in the far north of Qld, including Torres Strait. 
 
Biology. Debenham (1979) summarized the known biology of this species although little data 
is available and some of it is probably applicable to C. nigritrans. It is associated with 
seashores (Reye 1992) and may attack humans (Lee et al 1962). Label data from the series in 
hand supports the assertion this species is nocturnal and found in coastal environments. 
 
Remarks. Males of this species are readily distinguished from those of C. nigritrans by the 
strongly bifid and recurved distal process of the aedeagus of C. coronalis and the relative 
length and degree of curvature of the gonostylus. Females are less easily differentiated 
although the relatively larger palpal pit, lower palpal ratio and more well-defined wing 
pattern of C. nigritrans help to separate this species from C. coronalis. Difficulties in 
separating females of species in this group casts doubt over records of C. coronalis sl based 
only on females for example reports from PNG (Dyce et al. 2007) and from Indonesia and 
the Philippines (Wirth & Hubert 1989). The palpal ratio of both the PNG and Indonesian and 
Philippine specimens lay outside of the range for C. coronalis suggesting they do not belong 
to this species although examination of males or COI data is required to confirm this. 
Because of the doubt over the identity of these specimens, these records have not been 
included in the distribution of C. coronalis reported herein. 
There is no known sympatry between C. coronalis and C. nigritrans although 
specimens from the southern Gulf of Carpentaria, which lay between the known geographic 
limits of these two species have not been examined. Consequently, reports of C. coronalis 
from northern NT, for example Debenham and Hicks (1970, cited by Debenham 1979) are 
referable to C. nigritrans but the identity of those from the Edward Pellew Islands in the 
southern part of the Gulf of Carpentaria reported by Reye (1992) are uncertain. 
 
Culicoides nigritrans Bellis and Dyce 
(Fig. 2, 5, 6, 8, 10, 12, 13, 15, 17, 19, 21, 25-29) 
 
Culicoides nigritrans Bellis and Dyce sp nov. 
Coronalis Gp sp No1, Dyce et al. 2007:41 (female wing illustrated). 
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Type material. Australia NT, Holotype male, Fanny (Sic) Bay, Darwin, 12.Aug.1969, Light 
Trap, W.Painter (ANIC). Paratypes: same data as holotype (9 females, 7 males, ANIC); 
Cobourg Peninsular (sic), 21.Nov.1990, Light Trap, B. Amiss (1 female, ANIC); Coral Bay, 
Cobourg Pen., 23.Jun.1984, Light Trap, G.P. Hall (1 male, ANIC); Rainbow Cliffs via Gove, 
12°31.6'S 136°48 52.8E, 13.Jan.2003, Light Trap, Dhimurru (2 females, 2 males NTQIC); 
Rainbow Cliffs via Gove, 12°31.6'S 136°48 52.8E, Light Trap, 9.Jan.2002, J. Starr (1 female, 
NTQIC); Cobourg Peninsula, Caiman Ck., 11°16'S, 132°14'E, Light Trap, 21.Jun.2002, G. 
Bellis (4 females NTQIC); Rocky Bay Ck mouth, 12.267°S, 136.9°E, 17.May.2010, G. Bellis 
(4 females, NTQIC). 
 
Diagnosis: Female: the only species in the group with palpal ratio less than 2.1. Male: the 
only species in the group with aedeagus distal process membranous, short and broad with a 
terminal stellate flange; parameres with distal process parallel sided with truncate apex. 
Description. Adults: Both sexes with legs unbanded and haltere pale brown. Female eye 
separation varies from almost touching to separated by a distance of up to ¼ facet (Fig. 2). 
Palpal (Fig. 10) segment 3 with rounded pit whose diameter is about 2/3 the width of segment 
and about ½ to ¾ as deep as wide, sensilla not emergent. Male palpal segment 3with a round 
pit whose opening is about 2/3 the width of the segment and is about ½ to almost as deep as 
wide, numerous capitate sensilla present but not protruding above level of pit. Hypopygium 
(Fig. 25) ninth tergite with caudal margin more or less flat, without median notch. Ninth 
sternite with shallow caudomedial excavation. Aedeagus (Fig. 27) with heavily chitinised 
basal portion, large sinuate basal arms converging apically to a rounded tip from which the 
membranous distal process emerges; distal process short and broad with a terminal stellate 
flange. Parameres (Fig. 26) fused into a squat body, distal process parallel sided with a 
truncate apex. 
 
Distribution. (Fig. 28) coastal environments in the Northern Territory. 
 
Biology. See discussion under C. coronalis for a summary of the known biology of this 
species. Label data from the series in hand supports the assertion this species is nocturnal and 
found in coastal environments. 
 
Etymology. Named for the generally darker wing compared to C. coronalis. 
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Remarks. The separation of C. nigritrans from C. coronalis is discussed under the section on 
C. coronalis. As discussed in that section, the specimens examined by Wirth & Hubert (1989) 
appear closer to C. nigritrans than to C. coronalis although examination of males or COI 
sequence data is required to confirm the presence of this species in Indonesia or the 
Philippines. Similarly, the two female specimens from Kuwi which provided the PNG record 
of Dyce et al. (2007) have a PR of 2.5 (Bellis unpublished data) which is slightly higher than 
observed for either of the Australian species and may indicate that these specimens belong to 
a further different species but examination of males and/or COI sequences is required for 
confirmation. 
 
COI DNA Barcoding 
Full length primer truncated sequences > 640 bp were recovered from 14 specimens. No 
insertions, deletions or amino acid frame shifts among final sequences were observed. Each 
sequence represented a unique exemplar haplotypes, with an average 66.4 % A & T residues 
composition. Searches of exemplar haplotypes on BOLD and GENBANK did not indicate 
the presence of contamination sequences or species synonyms (closest matches were always 
within Ceratopogonidae and did not exceed > 87 % sequence similarity). 
 
A Neighbor-joining (NJ) tree of all sequence exemplars used to identify genetic relationships 
among taxonomically identified specimens is seen in Fig. 29. NJ tree analysis resolved two 
highly supported terminal ingroup clades (100 % bootstrap supports), each synonymous with 
a discreet non-sympatrically distributed morphologically defined species (C. coronalis and C. 
nigritrans). Average uncorrected pair-wise sequence distance within species was 0.283 % 
and 1.077% at C. coronalis and C. nigritrans respectively; average distance between the two 
species was 11.964 %. 
 
Discussion 
The Coronalis group occupies a unique place within the genus Culicoides and relationships to 
other subgenera are difficult to establish. Species belonging to the Coronalis group share 
some characters with some groups but differ significantly in other characteristics. For 
example, entirely fused parameres are present in C. subg. Monoculicoides Khalaf and C. 
subg. Selfia Khalaf but females of these two subgenera have one and three spermatheca 
respectively which differs significantly both from each other and from the two functional and 
one vestigial spermathecae of females of the Coronalis group. Similarly, the absence of SCh 
243
on distal antennal flagellomeres of females and the STl distribution on males of the Coronalis 
group is shared with the Molestus group (Bellis et al. unpublished), the Similis group (Cornet 
1974) and C. subg Synhelea (Meiswinkel & Dyce 1989) but the three latter groups have 
separate parameres with flared apices which are very different to the fused parameres with a 
single distal process in the Coronalis group. Borkent & Grogan (2009) pointed out a need for 
a phylogenetic study of the genus Culicoides to clarify the significance of the various 
characters currently used to assign species to subgeneric groups and the conflict highlighted 
here emphasises this need. 
The combination of a dark marking centred over the r-m crossvein on the wing, the 
entirely fused parameres and the trifurcate spermathecal ducts with only two functional 
spermathecae appear to be unique in the genus Culicoides and are definitive characters states 
for this group. There are few species for which latter character has been studied, however and 
examination of further species may reveal the combination of trifurcate ducts and two 
functional spermathecae to be more widespread than is currently known. 
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Figures. 
 
FIGURES 1–10. Culicoides Coronalis group species. 1, 3, 4, 7, 9. C. coronalis Lee & Reye, 
eye separation, female wing, male wing, female legs and palpus. 2, 5, 6, 8, 10. C. nigritrans 
Bellis & Dyce. sp n., eye separation, female wing, male wing, female legs and palpus. 
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 FIGURES 11–21 Culicoides Coronalis group species. 11, 14, 16, 18, 20. C. coronalis Lee & 
Reye, female antenna, male antenna, female mandibular teeth, tibial comb and spermathecae. 
12, 13, 15, 17, 19, 21. C. nigritrans Bellis & Dyce. sp n., female antenna, female antennal 
flagellomere 6, male antenna, female mandibular teeth, tibial comb and spermathecae. 
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 FIGURES 22–28. Culicoides Coronalis group species. 22-24. C. coronalis Lee & Reye, 
hypopygium, parameres and aedeagus. 25-27. C. nigritrans Bellis & Dyce. sp n., 
hypopygium, parameres and aedeagus. Distribution of Culicoides Coronalis group species 
based on published records (Lee & Reye 1955) and specimens represented in ANIC and 
NTQIC. 
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FIGURE 29. Neighbor-joining tree of mitochondrial COI sequences present among C. 
coronalis Lee & Reye and C. nigritrans Bellis & Dyce. sp n. specimens. Trees rooted at an 
out-group C. molestus (Skuse). Node supports estimated by bootstrapping (N=10,000 
replications; node supports < 70 % not shown). Tip labels indicate: sample region and sample 
ID (refer Table 6 for associated sample ID details). Sample regions indicated as: NT = 
Northern Territory, TS = Torres Strait, Scale bar indicates percentage difference under a K2P 
nucleotide substitution model. 
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Table 1. Intraspecies and interspecific variation of the distributions and abundance of sensilla on female antennae for species of the Coronalis 
group of Culicoides. Mean values are followed by ranges (in parentheses). 
   antennal flagellomere 
character species 1 2 3 4 5 6 7 8 9 10 11 12 13 
SCo  C. nigritrans 2.9 (2-3) 0.13 (0-1) 0.06 (0-1) 0 1.76 (1-2) 2 (2) 2 (2) 2.38 (2-3) 0.07 (0-1) 0 0 0 0 
  C. coronalis 3 (3) 0 0.08 (0-1) 0 1.42 (1-2) 2 (2) 1.83 (1-2) 2.6 (2-3) 0 0 0 0 0 
STl  C. nigritrans 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
  C. coronalis 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
STc  C. nigritrans 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
  C. coronalis 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
SCh  C. nigritrans 9 (9) 5.7 (4-8) 5.88 (5-9) 5.69 (5-6) 5.94 (5-6) 6 (6) 5.63 (4-6) 4.5 (4-6) 0.13 (0-2) 0 0 0 0 
  C. coronalis 7 (6-8) 5.83 (5-6) 5.67 (5-6) 5.92 (5-6) 5.91 (5-6) 6 (6) 5.91 (5-6) 5.6 (4-6) 0 0 0 0 0 
 
Table 2. Intraspecies and interspecific variation of the distributions and abundance of sensilla on male antennae for species of the Coronalis 
group of Culicoides. Mean values are followed by ranges (in parentheses). 
   antennal flagellomere 
character species 1 2 3 4 5 6 7 8 9 10 11 12 13 
SCo  C. nigritrans 2 (2) 0 0 0 0 1.1 (1-2) 0 1.78 (1-3) 1.89 (1-2) 0 0 0 0 
  C. coronalis 2.18 (2-3) 0 0 0 0 1 (1) 0 2.25 (2-3) 1 (1) 0 0 0 0 
STl  C. nigritrans 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0.05 (0-1) 0 0 - - - 
  C. coronalis 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 0 1.78 (1-2) 0 0 0 - - - 
STc  C. nigritrans 0 1 (1) 1 (1) 1 (1) 1.06 (1-2) 0.83 (0-1) 1 (1) 0.11 (0-1) 0.56 (0-1) 0.13 (0-1) - - - 
  C. coronalis 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0.6 (0-1) 0.88 (0-1) 0.11 (0-1) - - - 
SCh  C. nigritrans 4.76 (4-6) - - - - - - - - - 5.05 (4-6) 2 (2) 0 
  C. coronalis 4.78 (4-5) - - - - - - - - - 4 (4) 2.17 (2-3) 0 
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Table 3. Intraspecies and interspecific variation of some numerical head characters of female specimens of species of the Coronalis group 
species Antennal Ratio Palpal Ratio Palp lengths P/H Ratio teeth 
 C. nigritrans 1.22 (1.15-1.28 n = 10) 1.98 (1.8-2.15 n = 12) 68:30:36 (n=6) 0.73 (0.67-0.99 n = 9) 14.50 (13-16 n = 18) 
 C. coronalis 1.13 (1.1-1.17 n = 6) 2.31 (2.07-2.5 n = 12) 74:31:39 (n=13) 0.77 (0.68-0.86 n = 8) 13.75 (13-15 n = 12) 
 
Table 4. Intraspecies and interspecific variation of some numerical thoracic and abdominal characters of female specimens of species of the 
Coronalis group of Culicoides. 
 
species Wing Length 
(mm) 
Wing L/W 
ratio 
Costal 
Ratio 
Tarsal 
ratio 
Tibial 
comb 
Spermatheca 
I (µm) 
Spermatheca 
II (µm) 
Necks 
(µm) 
vestigial 
spermatheca (µm) 
 C. nigritrans 0.93 
(0.83-1 
n = 10) 
2.02 
(1.96-2.09 
n = 10) 
0.66 
(0.64-0.68 
n = 10) 
2.14 
(1.78-2.41 
n = 10) 
5.33 
(5-6 
n=18) 
49.80 x 
39.63 
41.71 x 
35.95 
2.22 8.36 
 C. coronalis 0.89 
(0.87-0.91 
n = 10) 
2.08 
(1.98-2.15 
n = 10) 
0.67 
(0.66-0.68 
n = 10) 
2.15 
(1.83-2.46 
n = 9) 
5.06 
(5-6 
n=18) 
56.38 x 
51.93 
51.79 x 
47.73 
6.23 9.96 
 
Table 5. Intraspecies and interspecific variation of some numerical characters of male specimens of species of the Coronalis group of Culicoides. 
 
species Wing Length (mm) Wing L/W ratio Antennal Ratio Palpal Ratio tibial comb 
C. nigritrans 
 
0.95 (0.9-0.99 n = 8) 2.40 (2.35-2.45 n = 8) 0.94 (0.88-0.98 n = 9) 2.30 (2-2.78 n = 10) 5.50 (5-6 n=6) 
C. coronalis 
 
0.81 (0.76-0.83 n=6) 2.49 (2.38-2.6 n=6) 0.89 (0.83-0.95 n = 5) 2.28 (2.14-2.43 n=5) 5.25 (5-6 n=4) 
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Table 6 Collection data for voucher Culicoides specimens used in genetic analyses. 
 
Sample ID Species Sex Collectors Collection Date Country State Site Latitude Longitude 
ww05426 C. coronalis female A.Postle 17.Oct.2008 Australia Qld Mt. Adolphus, tip of Cape York -10.6333 142.65 
ww05427 C. coronalis female A.Postle 17.Oct.2008 Australia Qld Mt. Adolphus, tip of Cape York -10.6333 142.65 
ww05428 C. coronalis female A.Postle 17.Oct.2008 Australia Qld Mt. Adolphus, tip of Cape York -10.6333 142.65 
ww05429 C. coronalis female A.Postle 17.Oct.2008 Australia Qld Mt. Adolphus, tip of Cape York -10.6333 142.65 
ww05430 C. nigritrans female G. Bellis 21.Jun.2002 Australia NT Cobourg Peninsula, Caiman Ck. -11.2667 132.233 
ww05431 C. nigritrans female G. Bellis 21.Jun.2002 Australia NT Cobourg Peninsula, Caiman Ck. -11.2667 132.233 
ww05432 C. nigritrans female G. Bellis 21.Jun.2002 Australia NT Cobourg Peninsula, Caiman Ck. -11.2667 132.233 
ww05433 C. nigritrans female G. Bellis 21.Jun.2002 Australia NT Cobourg Peninsula, Caiman Ck. -11.2667 132.233 
ww05440 C. nigritrans female T.Mills 13.Jan.2009 Australia NT Garrathiya, via Nhulunbuy -12.54 136.58 
ww05921 C. nigritrans female G.Bellis 17.May.2010 Australia NT Rocky Bay Ck mouth -12.267 136.9 
ww06335 C. nigritrans female G.Bellis 17.May.2010 Australia NT Rocky Bay Ck mouth -12.267 136.9 
ww06336 C. nigritrans female G.Bellis 17.May.2010 Australia NT Rocky Bay Ck mouth -12.267 136.9 
ww06337 C. nigritrans female G.Bellis 17.May.2010 Australia NT Rocky Bay Ck mouth -12.267 136.9 
ww06347 C. molestus female M.Shivas 12.Oct.2008 Australia Qld Boondall wetlands, Boondall -27.35 153.07 
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Chapter 7. Revision of the Kusaiensis group of Culicoides Latreille (Diptera: Ceratopogonidae) 
from the Australasian region. 
This chapter contributes to aims 2 and 3 of the thesis. Candidate Glenn Bellis contributed 
70% to the research, 25% to the design and interpretation of the molecular analysis and 85% to the 
writing and editing. Author Alan Dyce contributed 30% to the research and 5% to the writing and 
editing. Author David Gopurenko contributed 70% to the design and interpretation of the molecular 
analysis and 10% to the writing and editing. Author Andrew Mitchell contributed 15% to the design 
and interpretation of the molecular analysis. 
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Morphological and molecular characterisation of the Kusaiensis group of the genus Culicoides 
Latreille (Diptera: Ceratopogonidae). 
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Abstract: The Kusaiensis group of the genus Culicoides Latreille, which contains three species 
from Australia, the Pacific and southern Asia, is revised using morphological and molecular data. 
The male of C. ardentissimus Tokunaga is shown by molecular analyses to be referrable to C. 
paragarciai Dyce and the latter species is transferred into the Kusaiensis group while C. 
ardentissimus is removed from this group. The specific status of the three species in the group, C. 
leei Tokunaga, C. kusaiensis Tokunaga and C. paragarciai, is supported by COI data, comparative 
redescriptions and keys for their differentiation. 
 
Introduction: 
Associating male and female specimens of sexually dimorphic insect species is problematic 
especially when the characters used to differentiate species are amongst those characters that are 
dimorphic. Sexually dimorphic characters within the Nematoceran genus Culicoides, apart from 
genitalia, include the segmentation and sensilla arrangement of the antennal flagella (Blackwell et 
al. 1992) and the length:width ratio of the wing (e.g. Tokunaga 1962; Boorman 1989; Bellis & 
Dyce 2011; 2012). Associating conspecific male and female specimens of Culicoides is often 
achieved by comparing the patterning on the wings as for most species, wing patterns are not 
profoundly different between the sexes (Dyce 1980; Meiswinkel 1989). For those species lacking a 
wing pattern however, associating specimens is less certain, especially where two or more similar 
species are sympatric. 
The lack of a definite wing pattern is not uncommon in the genus Culicoides, indeed for 
three subgenera C. subg. Wirthomyia Vargas, C. subg. Selfia Khalaf and C. subg. Pontoculicoides 
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Remm, unpatterned wings is one of the defining characters. Unpatterned wings are also present 
across a wide diversity of otherwise unrelated species (e.g. Wirth et al. 1985; Dyce et al. 2007) and 
difficulties associating male and female specimens of these species has been noted previously 
(Wada 1979; Dyce & Wirth 1997). Recent advances in DNA analyses provide a reliable means of 
associating the different life stages of insects (e.g. Miller et al. 2005) and has been useful in 
differentiating species of Culicoides whose females are inseparable morphologically (Nolan et al. 
2007; Bellis et al. in press). Similar analyses may also be useful to retrospectively test associations 
of plain-winged species thus far known from only a single sex. 
Within the Australasian fauna, several subgeneric groupings contain species with 
unpatterned wings (Dyce et al. 2007). One of these, the Kusaiensis group, accommodates three 
species, C. kusaiensis Tokunaga, C. ardentissimus Tokunaga and C. leei Tokunaga. In this paper a 
definition of the Kusaiensis group sensu Dyce et al. (2007) is proposed and C. paragarciai Dyce is 
transferred into this group from the Ornatus group. Some of the confusion surrounding the limits of 
morphological variation in C. ardentissimus are addressed and a series of misidentifications and 
misassociation of male and female specimens of this species are rectified resulting in the removal of 
this species from the Kusaiensis group. Redescriptions of C. paragarciai, C. kusaiensis and C. leei 
and keys for the specific determination of these three species are provided along with supporting 
data from COI analyses. 
 
Methods and Materials: 
This study is based on slide–mounted specimens lodged in the Australian National Insect 
Collection, Canberra, ACT, Australia (ANIC), the United States National Museum, Washington, 
USA (USNM), the Northern Territory Quarantine Insect Collection (NTQIC) and the Bernice P 
Bishop Museum, Honolulu, Hawaii, USA (BPBM). 
The Kusaiensis group is named for the first described valid species in the group following 
the practice of Wirth and Hubert (1989) and Dyce and Wirth (1997).The descriptive format for 
adults used herein follows that of Bellis et al. (in press). Several characters which are prone to 
variability even on a single specimen, for example the number of mandibular teeth and the spines 
on the tibial comb, were scored from both left and right sides of each specimen. 
The wing length:width ratio is the ratio of wing length to maximum width measured 
perpendicular to the costa at the level of the distal margin of the second radial cell. Terms for 
antennal sensilla follow Wirth & Navai (1978) with the following abbreviations: SCo, sensillum 
coeloconica; STl, long, blunt–tipped sensillum trichodea; STc, short, blunt–tipped sensillum 
trichodea; and SCh sensillum chaetica. Antennal flagellomeres are numbered in text and tables from 
base to apex in Arabic numerals. SCo and STl distributions are given as numbers representing the 
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flagellomere on which the respective sensilla occur; where sensilla are both present or absent on a 
given flagellomere, the relevant flagellomere number is bracketed.  
Consistency in tarsal shape, tibial comb, eye pubescence, palpal shape and where available, 
DNA data, were used to associate male and female specimens. Species descriptions are 
accompanied by tables of antennal data (Table 1 for female data, Table 2 for male data) and 
numerical data (Table 3 for female and Table 4 for male data). 
Political regions are abbreviated as Qld for Queensland and PNG for Papua New Guinea. 
 
DNA barcoding and genetic analyses 
Independent evidence of species status and association of male and female specimens of Culicoides 
kusaiensis, C. ardentissimus, C. paragarciai and C. leei was obtained by sequencing portions of the 
mitochondrial cytochrome oxidase I (COI) gene, the “DNA barcode region” (Hebert et al. 2003).  
Specimens were collected from various locations across Australasia to explore the genetic 
diversity present in geographically separate populations. Where possible, specimens of both sexes 
were included in analyses to confirm the association between male and female specimens. All 
specimens used in genetic analyses were catalogued with unique specimen ID’s and stored at 
NTQIC. Corresponding specimen collection data and DNA sequences are publically available at the 
Barcode of Life Data Systems (BOLD) (www.boldsystems.org; (Ratnasingham & Hebert 2007)) 
under the project “Culicoides kusaiensis” (CUKUS). 
DNA extraction, specimen processing and sequence analyses were conducted following the 
procedures outlined by Bellis et al. (in press). 
 
Results 
DNA analyses 
COI barcode sequences from 9 specimens were aligned and primer truncated. Insertions, amino acid 
frame shifts and stop codons were not observed among final sequences and their translations, 
suggesting pseudogenes were absent from the alignment. Searches at BOLD and GENBANK of 
exemplar sequences at each species provided no evidence of specimen contamination (closest 
matches at COI were always within Ceratopogonidae) or overlap with other non-target Culicoides 
species. 
A Neighbor-joining (NJ) distance tree of COI sequences identified among taxonomically 
defined specimens is seen in Fig. 40. NJ tree analysis resolved three strongly supported terminal 
ingroup clades (100 % bootstrap supports), each exclusive to a single morphologically defined 
species. Average pair-wise genetic distances between the species ranged from 15.43 – 23.47 % 
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(Table 6); maximum distance observed within a species (with specimen replication) was narrow for 
all species ranging from 0.0016 % for C. paragarciai and C. kusaiensis to 1.43 % for C. leei.  
 
Kusaiensis Group 
Nominate species: Culicoides kusaiensis Tokunaga 1940a: 215. 
 
Diagnosis 
Female: the only subgeneric group of Culicoides with 3rd palpal segment clavate with large, shallow 
sensory pit on distal half; legs with hind tibial comb with five to seven spines, second or first and 
second from spur longest and wing unpatterned no appreciable stigmatum. Male: the only 
subgeneric group of Culicoides with no antennal plume of SCh on at least flagellomeres 9 and 10, 
flagellomere 10 completely unfused and paramere with apex abruptly bent and narrowed to a 
filamentous tip. 
 
Description.  
Adults. In addition to features listed in diagnosis, scutum of both sexes brown or with 
yellowish patches. 
Female – eye separation varying from almost contiguous to widely separated, bare or with 
weak band of hairs medially; antennal flagellomeres of moderate lengths, 2-8 ovoid to barrel-
shaped, 9-13 elongate and subcylindrical; where present, SCo are located subapically on 
flagellomeres, SCo always present on some distal and proximal flagellomeres, always present in a 
terminal ring of three to five on flagellomere 12; basal whorls of SCh present on 2-8. Two 
developed, subequal spermathecae, ovoid, tapering to short slender necks, one vestigial 
spermatheca also present; sclerotised ring absent; spermathecal ducts double bifurcate, ducts from 
functioning spermathecae about twice as long as the length of a spermatheca, duct from vestigial 
spermatheca of similar length to the vestigial spermatheca. 
Male - antennae sometimes modified by fusion of flagellomeres 5-9, effectively reducting 
the number present, flagellomere 10 never fused to flagellomere 9; flagellomeres 11-13 elongate, 
subcylindrical and narrow; SCo always present on 1, 11 and 12; SCh absent from flagellomeres 9 
and 10, in some species plume of SCh reduced or absent on some or all of flagellomeres 2-10; SCh 
present or absent on 11-12; two STl on 1-4, single on 5 and 7; STc present on 2-8, in some species 
also on 9 and 10. Genitalia with ninth tergum tapered apically, apicolateral processes short, broad 
and triangular, caudal margin with central notch; gonocoxite large with wide basal opening, ventral 
root simple, short to medium in length, dorsal root long and strong. Gonostylus smoothly curving 
narrowing to a pointed tip. Ninth sternite with wide caudomedian excavation, membrane densely 
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spiculate. Aedeagus arms with short recurved basal tip, arch high, body extending ventrally well 
beyond anterior base of distal process, shoulders smooth, unarmed; distal process long or short, 
simple or with bifid tip. Parameres separate, each with stout basal knob with pointed anterior 
projection, basal arm short curving to straight stem expanded distally, abruptly bent to rapidly 
reduced sinuous distal portion ending in hair-like simple tip. 
Immatures: Unknown. 
 
Larval habitat: Unknown; collection data of adults of some species suggests breeding occurs in or 
near ocean shores. 
 
World distribution 
Melanesia, Micronesia, Australia (Qld), one species (C. kusaiensis) extending to South-east Asia, 
Seychelles Islands and China. 
 
Key to females of species of the Kusaiensis group 
 
1. SCo distribution 1-7,(8),9-12 .......................................................................... paragarciai 
SCo distribution 1,3,5,7,9-12.......................................................................................... 2 
 
2. SCh present on flagellomeres 9-12, mandible with 14-17 teeth ................................. leei 
SCh absent from flagellomeres 9-12, mandible with 10-12 teeth .................... kusaiensis 
 
Key to males of species of the Kusaiensis group 
1. SCo present on 5,7,9 and 10, SCh present on 12, parameres with apices spiralling 
laterad   leei 
SCo absent from 5,7,9 and 10, SCh absent from 12, parameres with apices more or 
less straight and directed mesad ..................................................................................... 2 
 
2. Antennae lacking plume of SCh, SCh absent from 11, aedeagus with distal process 
much shorter than basal arms ........................................................................... kusaiensis 
Antennae bearing plume of SCh at least on flagellomeres 1-5, SCh present on 11, 
aedeagus with distal process at least as long as basal arms ........................... paragarciai 
 
Culicoides paragarciai Dyce 
(Figs 1, 4, 7, 13, 14, 17, 21, 24, 30, 33, 36, 39) 
 
Culicoides paragarciai Dyce 1996a:313. Dyce et al. 2007:55 (female wing illustrated). 
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Culicoides ardentissimus Tokunaga & Murachi 1959:323 (misidentified in part); Dyce et al. 
2007:44 (misidentified). 
Culicoides purus Lee and Reye, 1962: 352; Tokunaga, 1963:122; Tokunaga, 1977: 36; Debenham, 
1979: 353; Debenham, 1989: 241 (misidentified). 
 
Type material examined. PNG: holotype, Aranai Moto, light trap, 18.x.1960, B. McMillan (female, 
ANIC); paratypes: Linga Linga Plantation, W. of Willaumez Peninsula, New Britain, 1 m, 
15.iv.1966, J.L. Gressitt (1 female, Kyoto); Lasanga Is., 17.ix.1976, I. Fanning (1 female, 
ANIC). 
Non-type material examined. Palau, Ngiwal, alt 1m. Babelthuap, 16,Dec.1952, light trap, J.L. 
Gressit (1 female, BPBM); Babelthuap, Ngeremlengui, 1.Jun.1957 Sabrosky (1 male 
BPBM); Ngerchelong, Babelthuap Is, 17.Dec.1947, H.S.Dubes (1 male, BPBM); Koror Is, 
Ngarabad, at light 17.May.1957, C.W. Sabrosky (1 female, USNM). Papua New Guinea, 
Kuwi, light trap, 14.Sep.1979 I. Fanning (2 males, ANIC). Solomon Is. Solomon Is, 
Choiseul Province, Choiseul Bay, 6.71293˚S, 156.40935˚E, Lt Tp in mangrove swamp 
forest, 22.Feb.2012, G.Bellis (4 females, 2 males, NTQIC); Choiseul Province, Taro, 
6.71957˚S, 156.39803˚E, net on sandy beach and vine thicket with 2 penned pigs, 7-
7.15PM, 14.Feb.2012, G.Bellis (1 female, 1 male, NTQIC). 
 
Diagnosis. Eyes bare with a weak medial band of interfacetal hairs. Female: the only species in the 
group with antennae with SCo distribution 1-7,(8),9-12, two STc on flagellomeres 5-8, five or six 
SCh on flagellomeres 2-8 but lacking SCh on distal flagellomeres. Male: the only species in the 
group with antennae with SCo distribution 1,11,12; three to five SCh on flagellomere 11, SCh 
absent from 12 and 13; genitalia with distal process of aedeagus about as long as basal arms, apex 
simple, rounded, basal portion truncate apically with shoulders at about 90° to distal process, 
parameres with apical processes directed mesad. 
 
Description. Adults: In addition to characters mentioned in diagnosis, palpus (fig 7) brown with 
segment 3 expanding to about 2/3 of its length than then tapering apically, a round, shallow sensory 
pit with a diameter about half the width of the segment with several protruding capitate sensilla 
present near apex. Legs brown, unbanded; tibial comb with five to six spines, the second or first and 
second being the longest; haltere dark brown. Female eyes separated by a distance of less than one 
facet (Fig 1). Male antenna (Fig 21) with plume of SCh on flagellomeres 1-8 but with numbers 
reduced to less than five on flagellomeres 5-8, flagellomeres 7-9 almost completely fused; 
flagellomere 11 with a basal whorl of SCh. Hypopygium (Fig 30) with caudal margin of ninth 
261
tergite with shallow median notch. Ninth sternite with deep caudomedian excavation. Gonocoxite 
with ventral root short with pointed apex. Aedeagus (fig 36) with basal arch extending to about 1/3 
of aedeagus length, truncate apically with unarmed shoulders meeting distal process at about 90°; 
distal process long, equal in length or longer than basal arms, simple with a rounded apex. 
Parameres (fig 33) separate, with narrow basal arms, stem of about constant width abruptly tapering 
to filamentous, medially directed apices, weakly developed ventral lobe present near base of stem. 
Immatures. Unknown. 
Distribution. (fig 39) PNG, Solomon Islands, Palau, Federated States of Micronesia, (new record). 
Biology. Unknown. 
Remarks. There has been considerable confusion about the intraspecific variability within the 
female of C. ardentissimus and this appears to have led to the misidentification of several 
specimens. We have been unable to borrow the holotype specimen nor locate any female specimens 
referable to Tokunaga’s (1940a) or Tokunaga & Murachi’s (1959) descriptions of C. ardentissimus. 
According to S. Kamatini (pers comm., 18.Sep.2009), the holotype of C. ardentissimus is stored in 
ethanol in the Tokunaga Collection at the Entomological Laboratory, Kyushu University, Kyoto, 
Japan along with other type material described by Tokunaga (1940a) and its condition after such 
long storage in ethanol is uncertain. The USNM specimen illustrated by Dyce et al. (2007) as C. 
ardentissimus has been reexamined and is referable to C. paragarciai; the wing length of this 
specimen is 0.88mm, not 1.5mm as stated by Dyce et al. (2007). The three female specimens from 
Palau examined herein and labeled as C. ardentissimus, including this USNM specimen, have 
collection data matching that listed by Tokunaga & Murachi (1959) yet one specimen is referable to 
C. kusaiensis while the other two match Dyce’s (1996a) description of C. paragarciai. None of 
these specimens have a wing length, wing width, or P:H ratio consistent with that given by 
Tokunaga & Murachi (1959) for C. ardentissimus suggesting either that these specimens were not 
included in the description provided by Tokunaga & Murachi (1959) or that these values vary 
greatly within C. ardentissimus. These measurements appear to be relatively consistent between 
specimens of C. paragarciai (Dyce 1996a; this study) and many other species of Culicoides (Wirth 
& Hubert 1989) so the former appears the most likely. Additionally, the palpus of these three 
females does not match the illustration of the palpus of C. ardentissimus provided by Tokunaga 
(1940a), further confirming that they are not referable to this species. 
The possible presence of multiple species in Tokunaga & Murachi’s (1959) series of female 
C. ardentissimus casts some doubt over their description of the female of this species. If C. 
ardentissimus proves to be a highly variable species whose morphology encompasses that of C. 
paragarciai, then these two species should be synonymized. This situation is best resolved by 
comparison of COI data from specimens with morphology consistent with C. ardentissimus sensu 
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Tokunaga (1940a) and Tokunaga & Murachi (1959) and corresponding data from C. paragarciai 
provided herein. 
There is also some confusion over the status of the male of C. ardentissimus. Tokunaga & 
Murachi’s (1959) allotype of C. ardentissimus does not appear to be lodged in the USNM as stated 
(J Pecor, pers comm) and we have been unable to locate this specimen. We have, however, 
examined two males from Palau which bear label data consistent with specimens examined by 
Tokunaga & Murachi (1959) and these specimens are consistent with Tokunaga & Murachi’s 
(1959) description of the male of this species. The series of male specimens from the Solomon Is 
also match Tokunaga & Murachi’s (1959) description of C. ardentissimus but are, based on COI 
analysis, conspecific with females referable to C. paragarciai. We consequently propose that the 
description of male C. ardentissimus given by Tokunaga & Murachi (1959) is actually referable to 
C. paragarciai and that the male of C. ardentissimus remains unknown. 
Based solely on the morphology of the female, Dyce (1996a) placed C. paragarciai into the 
Ornatus group but now that the male of this species is known this placement must be reassessed. 
Dyce (1996a) correctly noted that the tibial comb of C. paragarciai has five spines, the second from 
the spur being longest. While some species of the Ornatus group rarely have five spines on some 
specimens, none have the second spine longest. More importantly, the shape of the male aedeagus 
and parameres of C. paragarciai do not conform with the Ornatus group sensu Wirth & Hubert 
(1989) confirming that C. paragarciai does not belong to this group. Both the tibial comb and male 
genitalia are akin to those of C. kusaiensis and C. leei so we propose that C. paragarciai be 
transferred from the Ornatus group to the Kusaiensis group. 
 
Culicoides kusaiensis Tokunaga 
(Figs 2, 5, 8, 15, 18, 20, 22, 25, 28, 31, 34, 37, 40) 
 
Culicoides kusaiensis Tokunaga 1940a: 215. Tokunaga 1940b:181; Tokunaga & Murachi 1959:325, 
Lambrecht 1970: 1777; Wirth and Messersmith 1977: 306; Wirth & Hubert 1989:442; Yu et al. 
2005:1163; Dyce et al. 2007:44. 
 
Non-type material examined. Malaysia, Sabah, Labuan I., October 1951, D.H. Colless, at light, (1 
female, ANIC); Labuan I., March 1952, D.H. Colless, sweeping, (1 male, 2 females, ANIC); 
Labuan I., September 1948, D.H. Colless, at light, (3 males, 1 female, ANIC); Labuan I., 
September/October 1948, D.H. Colless, at light, (1 female, ANIC). Labuan I., March 1952, 
D. H. Colless, Beach caves, (1 male, ANIC). PNG, Lasanga Is, 21.Sep.1979, I. Fanning, (2 
males, 2 females ANIC). Federated States of Micronesia, Caroline Is, Continental Hotel, 
263
8.June.1981, R. Levin & L. Cheng (1 male, 1 female, ANIC); Yap Islands, Weiny, vi-14-
1957 C.W. Sabrosky, (labeled as C. ardentissimus), (1 female, BPBM). Australia, Qld: 
North Keppel Is Resort, Light trap, 3-4 Oct.1989, E. J. Reye (1 male, ANIC); Boigu Is, 
Torres Strait, 9.23°S, 142.22°E, Lt Tp, 8.Apr.2011, R.Anau (1 female, 2 males, NTQIC); 
Prince of Wales Is, Torres Strait, 10°41'S, 142°11'E, Lt Tp, 11.Mar.2007, A.Postle (4 males, 
NTQIC). Solomon Is: Western Province, Mono Is, Falamai, 7.3931°S, 155.57634°E, net on 
rocky beach 7-730pm, 16.Feb.2012, G.Bellis (2 females, NTQIC); Western Province, 
Shortland Islands, Tuiai via Nila, 7.09491°S, 155.86068°E, light trap on edge of mangroves 
with 1 penned pig and 3 cattle, 19.Feb.2012, G.Bellis, (1 male, NTQIC). 
 
Diagnosis. Eyes bare. Female: the only species in the group with antennae with SCo distribution 
1,3,5,7,9-12, usually with two STc on flagellomeres 5-7 and with a single STc on 10, four SCh on 
flagellomere 3, five on flagellomere 4, about four SCh on flagellomere 8 and lacking SCh on distal 
flagellar segments; mandible with about 11 teeth. Male: the only species in the group with antennae 
with SCo distribution 1, 11,12; SCh present in basal whorls on flagellomeres 2-4, absent from 
flagellar segments 11-13; basal flagellomeres lacking plume of SCh, flagellomeres 2-4 unfused and 
feminized with basal whorl of SCh, flagellomeres 5-9 often strongly fused and inseparable. 
Genitalia with distal process of aedeagus very short, barely protruding above basal arms, tip bifid; 
basal arch deep, about ¾ of length of aedeagus, basal arms with strongly rounded shoulders, 
parameres with almost straight, narrow, sharp-tipped apical processes directed mesad. 
Description. Adults: In addition to characters mentioned in diagnosis, legs brown, unbanded; tibial 
comb (fig 28) with 5 spines, 1st and 2nd subequal in length. Haltere dark brown. Palpus (fig 8) 
brown with segment 3 expanding to about 3/4 of its length then tapering apically, a round, shallow 
sensory pit with a diameter about half the width of the segment in the female, smaller in the male. 
Female eyes separated by a distance of about one facet (Fig 2). Male hypopygium (Fig 31) with 
caudal margin of ninth tergite with a deep median notch. Ninth sternite with a moderately deep 
caudo-medial excavation. Gonocoxite with ventral root very short. Aedeagus (fig 37) with deep 
basal arch extending to about 3/4 of aedeagus length, with strongly rounded, unarmed shoulders; 
distal process very short, barely protruding above shoulders, with bifid apex. Parameres (fig 34) 
separate, with stem expanding medially then tapering to abruptly recurved sharp pointed apices. 
Immatures. Unknown. 
Distribution. (fig 40) Palau, Federated States of Micronesia, Marshall Islands, Indonesia (Sumatra), 
Malaysia (Peninsula, Sabah), PNG, Australia (Qld – new record), Solomon Islands (new record), 
Seychelles Is, China. 
Biology. Unknown. Apparently associated with sea shores. 
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Remarks. The holotype specimen of C. kusaiensis is lodged along with that of C. ardentissimus in 
the Tokunaga Collection at the Entomological Laboratory, Kyushu University, Kyoto, Japan. 
Female C. kusaiensis can be distinguished from C. paragarciai by SCo distribution and from C. leei 
by the presence of SCh on distal flagellomeres of C. leei. The extremely short distal process of the 
aedeagus of C. kusaiensis distinguishes male C. kusaiensis from other members of the group.  
 
Culicoides leei Tokunaga 
(Figs 3, 6, 9, 16, 19, 23, 26, 29, 32, 35, 38, 41) 
Culicoides leei Tokunaga 1960:72 
Culicoides immaculatus Lee & Reye 1953:375, Tokunaga 1959: 206 (misident). 
Dyce et al. 2007:45 (female wing illustrated). 
 
Non type material examined: PNG: DPI Stn Urimo NG 2-3.Dec.1977 B Kadeu (8 males, 10 
females ANIC); Kuwi, light trap, 12.Sep.1979, I. Fanning (1 female, ANIC); Western Province, Gre 
via Kiunga, 06.01238S 141.18238E; 2-6.Jun.2011, Lt Tp., S.Fruean & N.Harris (2 females, 
NTQIC); Sandaun Province, Krisa, 2°51.034’S, 141°17.585’E, 30.Nov.2009, N. Harris (1 male, 
NTQIC). Solomon Islands: Guadalcanal, Honiara, 0.5km from beach, 9°43.043’S 160°00.610’E, 
16.Feb.2010, B Thistleton (1 female, NTQIC); Choiseul Province, Choiseul Bay, 6.71293°S, 
156.40935°E, light trap in mangrove-swamp forest behind Callophyllum on raised coral rock, 
22.Feb.2012, G.Bellis (1 male, NTQIC). 
 
Diagnosis. Eyes bare. Female: the only species in the group with antenna with SCo distribution 
1,3,5,7,9-12, single STc on flagellomeres 2-8, SCh basally on 9-13, mandible with 14–17 teeth. 
Male: the only species in the group with antennae with SCo distribution 1,3,(4),5,7,9-12, about five 
SCh on each of 11 and 12, and plume of SCh on 1-8. Parameres with apices strongly curved, 
aedeagus with distal process long with bifid tip. 
Description: Adults: In addition to characters mentioned in diagnosis, palpus (fig 9) with segment 
3 expanding to about 3/4 of its length then tapering apically, a round, shallow sensory pit with a 
diameter about half the width of the segment with protruding capitate sensilla present near apex. 
Legs (fig 16) brown, all femora and tibiae with weak basal & apical bands, knees pale. Tibial comb 
(fig 29) with 5 spines, 1st and 2nd subequal in length. Haltere pale brown. Female with eyes almost 
contiguous (Fig 3). Male antenna (Fig 23) with flagellomeres 2-9 partially fused, 10 often separate. 
Hypopygium (Fig 32) with caudal margin of ninth tergite with shallow median notch. Ninth sternite 
with shallow caudo-medial excavation. Gonocoxite with ventral root well developed, simple. 
Aedeagus (fig 38) with moderately deep basal arch extending to about 1/2 of aedeagus length, with 
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strongly rounded, unarmed shoulders; distal process of medium length with bifid apex. Parameres 
(fig 35) separate, with basal arms bent at right angles before meeting stem, stem of even width 
throughout, filamentous apices sharply curving anterio-laterally. 
Immatures. Unknown. 
Distribution. (fig 41) PNG, Australia (Qld); Solomon Islands (new record). 
Biology. Unknown. 
Remarks. The distribution of SCh on the antenna of male and female C. leei separate this species 
from others in the group. The strongly curving apices of the parameres are also unique in the group. 
 
Discussion 
The form of the parameres with the abruptly bent and narrowed apices, the tibial comb 
structure and the reduction in the male antennal plume are definitive character states for the 
Kusaiensis group. While the paramere shape appears to be unique to the group, the occurrence of a 
reduced male antennal plume in species belonging to other subgeneric groups is difficult to assess 
as the form of the male antennae is often not described in detail in taxonomic descriptions. Amongst 
the Australasian fauna it is present in only about 7% of the total species represented in that region 
(Bellis & Dyce unpublished data). These species were placed by Dyce et al. (2007) into four 
separate subgeneric groupings suggesting that this character has evolved independently on separate 
occasions. Examination of the form of the male antenna of species in other regions may reveal this 
character to be more common than is currently known. 
Dyce et al. (2007) placed C. ardentissimus in the Kusaiensis group due primarily to the 
structure of the genitalia of the male described by Tokunaga & Murachi (1959). The male described 
by Tokunaga & Murachi (1959) has now been shown to belong to C. paragarciai so the placement 
of C. ardentissimus into the Kusaiensis group is premature as the male is unknown. Unfortunately, 
sufficient details of the morphology of female C. ardentissimus, including the tibial comb, are also 
lacking so its placement into the Kusaiensis group cannot be supported until specimens, particularly 
males, become available for examination. 
Molecular analyses provides an unequivocal means of confirming that dimorphic male and 
female specimens are conspecific. This is particularly cogent where other means of associating 
specimens, for example, using wing patterning in Culicoides, is not reliable. 
Dyce (2001) considered the Kusaiensis group to be of Gondwanan origin with two species 
confined to the Australasian region and a single species ranging further west and north into the 
Oriental region. The recent report of C. kusaiensis from southern China (Yu et al. 2005) represents 
a significant extension in the range of this species towards the Palaearctic region but this does not 
refute Dyce’s (2001) assessment that this group stemmed from a Gondwanan proginator. 
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While species belonging to the Kusaiensis group do exhibit a reduction in the antennal 
plume of the male, none have the male antenna fully feminised as it is in C. ibriensis Boorman, C. 
agas Wirth and Hubert, C. utahensis Fox and C leechi Wirth. The fully feminised antenna of male 
C. utahensis found mating with females on the host led Downes (1958) to suggest that this 
specialization of the male antenna reflects the need for males to find hosts and mates rather than 
form mating swarms. Wirth and Hubert (1989) and Dyce (1996b) considered that the absence of an 
antennal plume on the male of C. kusaiensis and C. agas respectively may similarly reflect a non-
swarming mating system. Boorman’s (1989) series of male and female C. ibriensis which were 
collected “swarming on man” is suggestive that males of this species are also attracted to hosts, 
possibly to mate. The behavioural implications of a reduced, rather than absent, antennal plume as 
seen in C. paragarciai and C. leei may also be related to the mating strategy employed by these 
species but further work on their biology is required to clarify this situation. 
A further, little explored sexual dimorphism in most species of Culicoides is the wing 
length:width ratio with females generally having a lower ratio and consequently larger wing than 
their male counterparts (e.g. Tokunaga 1962; Boorman 1989; Bellis & Dyce 2011, 2012). This 
dimorphism is evident in both C. paragarciai and C. leei but not in C. kusaiensis, C. agas (Bellis et 
al.in press), C. ibriensis (Boorman 1989), C. utahensis (W. Grogan, unpublished data) or C. leechi 
(Wirth 1977). It would appear that the feminisation of male C. kusaiensis, C. ibriensis, C. agas, C. 
utahensis and C. leechi also extends to the shape of their wings. The behavioural implications of 
this dimorphism are difficult to interpret. It is reasonable to assume that females may require a 
larger wing surface area than males to facilitate the carriage of heavy loads such as bloodmeals and 
eggs, but this would not explain why males of the aforementioned species have evolved with larger 
wings. It is possible that the wing shape of males of these species also reflects a non-swarming 
mating strategy. 
Curiously, all of the above species whose males have feminized antennae also have 
unpatterned or faintly patterned wings. This may be coincidental although species with unpatterned 
wings constitute less than 20% of species in Culicoides so it seems unlikely that all species whose 
males are known to have feminized antennae would coincidentally also fall into this minority. There 
are many species of Culicoides with unpatterned wings whose males do not have feminized 
antennae (e.g. Delecolle 1985; Bellis et al. in press) so the two character states are not necessarily 
coincident. The ecological function of wing patterning in Culicoides has not been elucidated and it 
may be possible that it plays some role in swarming such that species that do not swarm are under 
no evolutionary pressure to display a patterned wing. 
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TABLE 1. Intraspecies and interspecific variation of the distributions and abundance of sensilla on female antennae for species of the Kusaiensis group of Culicoides. Mean values are 
followed by ranges (in parentheses). 
   antennal flagellomere 
character species 1 2 3 4 5 6 7 8 9 10 11 12 13 
SCo C. kusaiensis 2.81 (2-3) 0 1.07 (1-2) 0 1 (1) 0 1 (1) 0 1 (1) 1 (1) 1 (1) 2.5 (2-3) 0 
 C. leei 3 (3) 0.05 (0-1) 1 (1) 0.05 (0-1) 1 (1) 0 1 (1) 0 1 (1) 1 (1) 1 (1) 4.26 (3-5) 0 
 C. paragarciai 5.5 (5-6) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1.5 (1-2) 0 1 (1) 1 (1) 1 (1) 4 (4) 0 
STl C. kusaiensis 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 C. leei 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 C. paragarciai 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
STc C. kusaiensis 0.83 (0-2) 1.86 (1-2) 1.71 (1-2) 1.77 (1-2) 1.69 (1-2) 1.71 (1-2) 1.57 (1-2) 0.93 (0-1) - - - - - 
 C. leei 0.75 (0-1) 1 (1) 1.05 (1-2) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
 C. paragarciai 1 (1) 1.5 (1-2) 1.5 (1-2) 1.5 (1-2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
SCh C. kusaiensis 5.5 (5-6) 5.14 (4-6) 4 (4) 5 (5) 4 (3-5) 5.14 (5-6) 3.93 (3-5) 4 (3-5) 0 0 0 0 0 
 C. leei 6.91 (6-7) 6.05 (6-7) 6.05 (6-7) 5.95 (5-6) 6 (6) 5.95 (5-6) 6 (6) 6 (6) 1.9 (1-2) 1.79 (1-3) 2 (2) 1.95 (1-2) 1.84 (0-2) 
 C. paragarciai 7.5 (7-8) 6 (6) 6 (6) 6 (6) 6.5 (6-7) 5.5 (5-6) 6.5 (6-7) 5 (5) 0 0 0 0 0 
 
272
 TABLE 2. Intraspecies and interspecific variation of the distribution and abundance of sensilla on male antennae for species of the Kusaiensis group of Culicoides. Mean values are followed 
by ranges (in parentheses). 
   antennal flagellomere 
character species 1 2 3 4 5 6 7 8 9 10 11 12 13 
SCo C. kusaiensis 2 (2) 0 0.47 (0-1) 0 0 0 0 0 0 0 1 (1) 3.19 (3-4) 0 
 C. leei 2.19 (2-3) 0 0.94 (0-1) 0.25 (0-1) 1 (1) 0 1 (1) 0 1 (1) 1 (1) 2.06 (2-3) 4.27 (3-5) 0 
 C. paragarciai 2 (2) 0 0 0 0 0 0 0 0 0 1.17 (1-2) 3.8 (3-4) 0 
STl C. kusaiensis 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0 0 0 - - - 
 C. leei 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0 0 0 - - - 
 C. paragarciai 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0 0 0 - - - 
STc C. kusaiensis 0.13 (0-1) 1.07 (1-2) 1.06 (0-2) 1 (1) 1 (1) 0.93 (0-1) 0.8 (0-1) 0.92 (0-1) 0.15 (0-1) 0.87 (0-1) - - - 
 C. leei 0.07 (0-1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - 
 C. paragarciai  1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0.8 (0-1) - - - 
SCh C. kusaiensis 5.8 (5-7) - - - - - - - - - 0 0 0 
 C. leei 3.77 (3-5) - - - - - - - - - 5.31 (4-6) 4.93 (4-5) 0 
 C. paragarciai 9 (8-10) - - - - - - - - - 4 (3-5) 0 0 
 
TABLE 3. Intraspecies and interspecific variation of some numerical characters of female specimens of species of the Kusaiensis group of Culicoides. 
female Wing 
Length 
(mm) 
Wing 
L/W ratio 
Costal 
Ratio 
Antennal 
Ratio 
Palpal 
Ratio 
Palp 
lengths 
Proboscis 
/Head 
Ratio 
teeth Tarsal 
ratio 
Tibial 
comb 
Spermatheca 
I (µm) 
Spermatheca 
II (µm) 
Necks (µm) vestigial 
spermatheca 
(µm) 
C. kusaiensis 0.84 
(0.74-0.9 
n=8) 
2.12 
(1.99-2.37 
n=8) 
0.66 
(0.65-0.69 
n=8) 
1.38 
(1.19-1.54 
n=8) 
2.20 
(1.88-2.44 
n=10) 
56:19:24 
(n=3) 
0.79 
(0.69-0.84 
n=9) 
11.25 
(10-12 
n=12) 
2.13 
(1.97-2.27 
n=7) 
5 
(5 
n=14) 
67.85 x 60.07 66.4 x 59.76 13.28 
(12.45-14.94 
n=6) 
16.19 
(11.21-22.41 
n=4) 
C. leei 2.09 
(0.56-7.3 
n=10) 
2.05 
(2-2.13 
n=8) 
0.66 
(0.64-0.67 
n=10) 
1.10 
(1.03-1.13 
n=10) 
2.31 
(2.18-2.53 
n=10) 
60:28:27 
(n=7) 
0.72 
(0.67-0.77 
n=10) 
15.28 
(12-17 
n=18) 
2.16 
(1.92-2.31 
n=9) 
5 
(5 
n=17) 
58.44 x 51.31 55.93 x 48.55 12.95 
(8.72-18.68 
n=13) 
16.75 
(13.7-19.92 
n=8) 
C. 
paragarciai 
0.86 
(0.86 
n=2) 
2.08 
(2.07-2.1 
n=2) 
0.64 
(0.64 
n=2) 
1.31 
(1.31-1.32 
n=2) 
2.05 
(2.05 
n=1) 
56:30:30 
(n=1) 
0.64 
(0.64-0.7) 
n=1) 
11 
(11 
n=1) 
1.99 
(1.94-2.03 
n=2) 
5 
(5 
n=2) 
- -  
(0 
n=0) 
 
(0 
n=0) 
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TABLE 4. Intraspecies and interspecific variation of some numerical characters of male specimens of species of the Kusaiensis group of Culicoides 
male Wing Length (mm) Wing L/W ratio Antennal Ratio Palpal Ratio tibial comb 
C. kusaiensis 0.59 (0.51-0.75, n = 6) 2.10 (1.96-2.22, n = 6) 1.41 (1.26-1.62, n = 10) 1.48 (1.33-1.71, n = 8) 4.92 (4.5-5, n = 6) 
C. leei 0.71 (0.67-0.77, n = 6) 2.47 (2.38-2.57, n = 6) 0.42 (0.4-0.45, n = 8) 1.92 (1.71-2, n = 7) 4.9375 (4.5-5, n = 8) 
C. paragarciai 0.63 (0.61-0.66, n = 5) 2.24 (2.2-2.33, n = 4) 0.60 (0.55-0.66, n = 5) 1.65 (1.57-1.69, n = 3) 5 (5, n = 4) 
 
Table 5. Collection data for voucher Culicoides specimens used in genetic analyses. 
species Sample ID gender Country/ Region Location Latitude Longitude Sample date Collector 
C. paragarciai ww14437 Female Solomon Islands Choiseul Province Taro 6.71597°S 156.39803°E 14.Feb.2012 G.Bellis 
C. paragarciai ww14438 Male Solomon Islands Choiseul Province Taro 6.71597°S 156.39803°E 14.Feb.2012 G.Bellis 
C. kusaiensis ww13583 Female Australia, Qld, Torres Strait Boigu Is 9.23°S 142.22°E 8.Apr.2011 A. Postle 
C. kusaiensis ww13584 Female Australia, Qld, Torres Strait Boigu Is 9.23°S 142.22°E 8.Apr.2011 A. Postle 
C. leei ww09427 Female Solomon Islands Guadalcanal Honiara 9°43.043’S  160°00.610’E 16.Feb.2010 B Thistleton 
C. leei ww14431 Male Solomon Islands Choiseul Province Choiseul Bay 6.71293°S 156.40935°E 22.Feb.2012 G.Bellis 
C. leei ww15077 Male Papua New Guinea Sandaun Province Krisa 2°51.034’S 141°17.585’E 30.Nov.2009 N. Harris 
C. leei ww15357 Female Papua New Guinea Western Province Gre via Kiunga 06.01238°S 141.18238°E 2.Jun.2011 S.Fruean & N.Harris 
C. leei ww15358 Female Papua New Guinea Western Province Gre via Kiunga 06.01238°S 141.18238°E 2.Jun.2011 S.Fruean & N.Harris 
 
Table 6. Matrix of average pairwise COI sequence distances (proportional) between species, and maximum observed distances within species (bold highlighted). Distance measures estimated 
assuming uniform rates of evolution among nucleotide sites and using a pairwise deletion option to compensate for missing nucleotide sites.  
 Species [1] [2] [3]  
 [1] C. kusaiensis 0.0016    
 [2] C. leei 0.2347 0.0143   
 [3] C. paragarciai 0.1543 0.1836 0.0016  
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 FIGURES 1–6. Eye separation and wing of female Culicoides kusaiensis group species. 1, 2. C. 
paragarciai Dyce. 3, 4. C. kusaiensis Tokunaga. 5, 6. C. leei Tokunaga. 
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 FIGURES 7–16. Female Culicoides kusaiensis group species. 7, 10, 13, 14. C. paragarciai Dyce, 
palp, mandibular teeth, mid and forelegs and hindlegs. 8, 11, 15. C. kusaiensis Tokunaga., palp, 
mandibular teeth and legs. 9, 12, 16. C. leei Tokunaga. palp, mandibular teeth and legs. 
 
 
276
 FIGURES 16–28. Culicoides kusaiensis group species. 17, 21, 24, 27 C. paragarciai Dyce, 
female antenna, male antenna, spermathecae and tibial comb. 18, 20, 22, 25, 28. C. kusaiensis 
Tokunaga, female antenna, female antennal flagellomere 6, male antenna, spermathecae and tibial 
comb. 19, 23, 26, 29. C. leei Tokunaga, female antenna, male antenna, spermathecae and tibial 
comb. 
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 FIGURES 30–38. Male Culicoides kusaiensis group species. 30–32. C. paragarciai Dyce, 
hypopygium, parameres and aedeagus. 33–35. C. kusaiensis Tokunaga, hypopygium, parameres 
and aedeagus. 36–38. C. leei Tokunaga, hypopygium, parameres and aedeagus. 
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FIGURES 38–39. Distribution of Culicoides kusaiensis group species based on published records 
(Tokunaga 1940a, Tokunaga & Murachi 1959; Wirth & Hubert 1989; Dyce 1997; Yu et al. 2005) 
and specimens represented in ANIC, NTQIC, USNM and BPBM. 38. C. paragarciai Dyce. 39. C. 
kusaiensis Tokunaga and C. leei Tokunaga. 
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100
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FIGURE 40. Neighbor-joining tree of mitochondrial COI sequences present among C. kusaiensis 
Tokunaga, C. leei Tokunaga and C. paragarciai Dyce specimens. Node supports estimated by 
bootstrapping (N=10,000 replications; node supports < 70 % not shown). Tip labels indicate 
sample ID (refer Table 6 for associated sample ID details). Scale bar indicates percentage 
difference under a K2P nucleotide substitution model. Tree generated in MEGA version 5 
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Chapter 8. Revision of the Molestus group of Culicoides Latreille (Diptera: Ceratopogonidae) from 
the Australasian region with description of six new species. 
 
This chapter contributes to aims 2 and 3 of the thesis. Candidate Glenn Bellis contributed 50% to 
the research, 20% to the design and interpretation of the molecular analysis and 85% to the 
writing and editing. Author Alan Dyce contributed 50% to the research and 5% to the 
writing and editing. Author David Gopurenko contributed 70% to the design and 
interpretation of the molecular analysis and 10% to the writing and editing. Author Andrew 
Mitchell contributed 10% to the design and interpretation of the molecular analysis. 
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The Molestus group of Culicoides Latreille (Diptera: Ceratopogonidae) with descriptions of six new 
species. 
 
G.A. Bellis1 A.L. Dyce2, D. Gopurenko3, 4, M. Shivas5, J-B. Duchemin6, and A. Mitchell7 
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Abstract: The Molestus group embracing nine species from Australasia and one from southeast 
Asia is revised. Comparative descriptions of males and females of C. balhorni sp n. C. mabelae sp 
n. C. septimus sp n., C. reyei sp n., C. mindjirri sp n. and C. roperi sp n., a first description of the 
male of C. submagnesianus Tokunaga and C. molestus (Skuse) and redescriptions of C. 
subimmaculatus Lee & Reye, C. submagnesianus, C. pseudocordiger and C. molestus are presented 
together with distributional data and keys for their differentiation. Culicoides molestus is the 
nominate species of the group. This group forms part of the large Similis supergroup of the genus 
Culicoides. 
 
Key words: Biting midges, Australasia, systematics, Culicoides balhorni, Culicoides mabelae, 
Culicoides septimus, Culicoides reyei, Culicoides mindjirri, Culicoides roperi, Culicoides 
pseudocordiger, Culicoides subimmaculatus, Culicoides submagnesianus, Culicoides molestus, 
Culicoides mesghalii. 
 
Introduction 
The preliminary subgeneric classification system of Australasian Culicoides spp. proposed 
by Dyce (2001) and Dyce et al. (2007) included one species group, the Molestus group, which 
contained nine Australasian species allied to C. molestus. No attempt was made to ally this group to 
other subgeneric groupings although Dyce (2001) noted the existance of related species in 
southeastern Asia, the Middle East and Africa. One of the Australasian species belonging to this 
group, C. subimmaculatus Lee & Reye, is a significant pest of humans and its biology has 
consequently been relatively well studied (see Debenham 1979). Marks and Reye (1982), however, 
alluded to the existence of more than one species of “C. subimmaculatus” and Reye (1992) noted 
significant differences in the biology of the three species he thought were being confused with C. 
subimmaculatus s.s.  
The purpose of this paper is to provide an updated checklist and diagnosis of the Molestus 
group, to redescribe existing species and to describe a number of new species belonging to this 
group. The placement of the Molestus group within the Similis supergroup is proposed. 
 
Materials and Methods 
Morphology 
This study is based on slide–mounted specimens lodged in the Australian National Insect 
Collection, Canberra, ACT, Australia (ANIC), the Australian Quarantine and Inspection Service, 
Northern Territory, Australia (NTQIC) and the Medical Entomology Branch of the NT Dept of 
Health and Community Services, Northern Territory, Australia (NTMEB) and the United States 
National Museum of Natural History, Washington, D. C., United States of America (USNM). 
Pupae were collected in the field and reared using techniques outlined by Howarth (1985) 
excepting that pupae were floated out of substrate in saturated sucrose solution (Dyce & Murray 
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1966). The descriptive format for adults used herein follows that of Bellis & Dyce (2011). 
Conventional abbreviations are used for the following ratios: AR, antennal ratio; PR, palpal ratio; 
P/H proboscis over head ratio; CR, costal ratio and TR, tarsal ratio. The wing length:width ratio is 
the ratio of wing length to maximum width measured perpendicular to the costa at the level of the 
distal margin of the second radial cell. Terms for antennal sensilla follow Wirth & Navai (1978) 
with the following abbreviations: SCo, sensillum coeloconica; STl, long, blunt–tipped sensillum 
trichodea; STc, short, blunt–tipped sensillum trichodea; and SCh sensillum chaetica. Antennal 
flagellomeres are numbered in text and tables from base to apex in Arabic numerals. SCo and STl 
distributions are shown in Arabic numerals representing the segment on which sensilla occur, where 
sensilla are both present or absent on a given segment the relevant segment number is bracketed.  
Several characters which are prone to variability even on a single specimen, for example the 
number of mandibular teeth and the spines on the tibial comb, were scored from both left and right 
sides of the specimen. Consistency in wing patterning, tibial comb, eye pubescence, palpal shape 
and sensilla arrangement, leg patterning and, where available, molecular data, were used to 
associate male and female specimens in collections. 
Species descriptions are accompanied by tables of antennal data (Table 1 for female data, 
Table 2 for male data) and numerical data (Tables 3 and 4 for female and Table 5 for male data). 
Political regions are abbreviated as: New South Wales, NSW; Queensland, Qld; Northern 
Territory, NT; Victoria, Vic; South Australia, SA; Tasmania, Tas and PNG, Papua New Guinea. 
 
DNA barcoding and genetic analyses 
Independent evidence of the specific status of six species in the Molestus group including C. 
balhorni sp. n., C. mabelae sp. n., C. mindjirri sp. n., C. molestus (Skuse), C. reyei sp. n. and C. 
submagnesianus Tokunaga was obtained by sequencing portions of the mitochondrial cytochrome 
oxidase I (COI) gene (the “DNA barcode region” of Hebert et al. 2003). 
Specimens were collected from various locations across Australasia to explore the genetic 
diversity present in geographically separate populations. Where possible, specimens of both sexes 
were included in analyses to confirm the association between male and female specimens. All 
specimens used in genetic analyses were catalogued with unique specimen ID’s and stored at 
NTQIC. Two specimens of C. perornatus Delfinado were included as an outgroup. Corresponding 
specimen collection data and DNA sequences are publically available at the Barcode of Life Data 
Systems (BOLD) (www.boldsystems.org; (Ratnasingham & Hebert 2007)) under the project 
“Culicoides molestus” (CUMOL). 
DNA extraction, specimen processing and sequence analyses were conducted following the 
procedures outlined by Bellis et al. (in press). 
 
Results 
 
Molestus group. 
Nominate species: Culicoides molestus (Skuse), 1889: 305. 
 
Diagnosis 
The only subgeneric grouping within Culicoides with adult wing cell r2 wholly dark, fourth tarsal 
segment chordate and 3rd palpal segment lacking sensory pit in both sexes. 
 
Description 
Adults: Eyes bare or with narrow medial band of weak hairs. Palpus with five segments, 3rd 
moderately short with capitate sensilla in individual small pits dispersed on mesal surface, 
sometimes aggregated in a very superficial rounded group or in a depression but never in a single, 
well-defined pit.  
Scutum pulverulent in life, integument brownish in mounted specimens; legs usually light 
brown, unbanded or weakly banded, tibial comb of either four to five or six to eight spines, first 
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from spur always longest, fourth tarsal segment chordate. Wing pattern variable ranging from only 
two anterior pale spots through to total overall pattern; cells r1 and r2 short, distal r1 and all of r2 
beneath prominent stigmatum, r1 usually longer than r2, lumen of both cells narrow; costa short; 
veins predominantly dark; maximum of one pale spot in cell m4. 
 
Female - Eyes narrowly to widely separated. Cibarium unarmed. Flagellomeres short, 2-8 barrel-
shaped and little longer than broad, 9-13 elongate cylindrical, approximately equal in length and 
about 1.5 times as long as proximal flagellomeres; SCo always present on 1 and on some of basal 
flagellomeres 2-8, in some species also present on some of 9-13; STl in pairs on 2-8 spirally 
arranged in most species, pale and narrow, STc present singly on 2-8, also on 1 in some species, 
always arising from near base of SCo where SCo is present; basal whorls of four to six SCh on 2-8 
in most species with higher numbers on flagellomeres 2, 4 and 6 than on 3, 5, 7 or 8, always absent 
from 9-13.  
Two ovoid, developed spermathecae with distinct necks in most species, third vestigial 
usually elongate, sclerotized ring short and broad, markedly tapering posteriorly in most species. 
Spermathecal ducts two to four times the length of a single spermatheca; double bifurcate with duct 
connecting vestigial spermatheca to one of the other ducts attached well before joining the duct 
from the other spermatheca near the sclerotized ring. Sclerotised subgenital plates surrounding 
gonopore emarginate medially. 
Male –Antennae with two rows of plume SCh on 1st flagellomere, single row on flagellomeres 2-8, 
absent from 9 and 10; flagellomeres 2-8 fused, 9 and 10 invariably separate. SCo present on 
proximal flagellomeres 1,6,8-10 (excepting C. pseudocordiger Wirth & Hubert and C. mindjirri 
who lack SCo on 6 and 8 and some of 9 or10); flagellomere 11 with 2 large SCh in basal whorl and 
one to three smaller SCh located in basal half of the flagellomere but distad to the basal whorl, one 
or two SCh basally on 12, single terminal SCh on 13. Paired STl on 1-4, single on 5 and 7 (the latter 
absent from C. pseudocordiger and C. mindjirri); single STc on 2-8. 
Wing with pattern similar to respective female although usually less contrasted and pale 
spots tending to coalesce. 
Genitalia with ninth tergite broad at base gradually tapered, short to medium length 
posteriolateral processes, each bearing a terminal seta; caudal margin entire or with slight median 
notch. Ninth sternite broad and short with broad, shallow to moderately deep caudomedian 
excavation; membrane bare or spiculate medially. Gonocoxite longer than wide, dorsal root long; 
ventral root at least as long as dorsal root, foot shaped. Gonostylus slender, distally curving to a 
pointed tip. Aedeagus with broad, high basal arch; distal shoulders with projecting horns in many 
species which are sometimes closely oppressed at base of distal process; distal process seemingly 
composed of lateral plates, usually stout, sometimes with fimbriated tip. Parameres separated with 
stout basal knob, basal arm curved to a stout straight stem, many species bearing well developed 
ventral lobe; distal portion curved to encircle distal process of aedeagus, fringed on inner margin 
with five to eight sharply pointed teeth (greatly reduced or absent in C. submagnesianus Tokunaga), 
terminating in a sharp point. 
 
Immatures: Larval head capsule very pale, largely unsclerotized except for subgenal band, collar 
and five longitudinal struts, three ventral and two dorsal, eye spots of two well developed elements 
broadly contiguous; epipharynx with two or three combs. Thoracic pigment diffuse brownish 
yellow. Prothoracic horns of pupa elongate tubular, annulated but lacking scales; basal respiratory 
pores opening via distinct projections, a group of five to eight terminal pores; operculum with two 
patches of rounded thorns located behind lateral angles plus oval structures scattered from anterior 
border back almost to posterior border. Abdomen relatively smooth with narrow anterior band of 
spicules on each segment; tubercules without spurs, caudal segment with anterior band of spicules 
encircling segment, caudal spines directed laterally, seemingly articulated basally, apically 
pigmented, without spicules.  
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Larval habitat: Estuarine, exposed to tidal influence, rarely on exposed ocean beaches, often in 
primary sands supporting blue-green algal growth. Larvae strongly photo-negative, strong 
swimmers; pupae sink in seawater and burrow rapidly beneath sand by means of laterally directed 
caudal spines (posterior lateral processes). 
 
World distribution 
Major concentration of species in the Australasian Region with one species, C. pseudocordiger, 
from southeastern Asia. 
 
Key to females of species in the Molestus group of Culicoides 
 
1. Wing cell r5 with 3 apical pale spots including poststigmatic (Fig. 1) ............... molestus 
 Wing cell r5 with at most 2 pale spots including poststigmatic (Fig. 2-11) ................... 2 
2. Tibial comb with 4-5 spines (Fig. 72, 83, 96, 127, 139) ................................................ 3 
 Tibial comb with 6-8 spines (Fig.39, 50, 61, 105, 116) ................................................. 7 
3. Wing with at most 2 pale spots, poststigmatic and over r-m vein (Fig. 10,11) .............. 4 
 Wing with definite pale spots in addition to poststigmatic and over r-m crossvein (Fig. 
2-9).................................................................................................................................. 5 
4. SCo present on flagellomere 3, often also present on 4, usually with two SCo on 5, Vic, 
southern and central NSW ...................................................................... subimmaculatus 
 SCo absent from 4 and only rarely present on 3, rarely with 2 SCo on 5, northern NSW, 
Qld, NT, possibly also PNG ..................................................................................... reyei 
5. SCo present on either flagellomere 3 or 4 .......................................................... balhorni 
 SCo absent from 3 and 4................................................................................................. 6 
6. Basal pale spot in cell m1 separated from distal pale spot by distinct dark band (Fig. 5), 
flagellomere 8 with 2-5 (average 4) SCh................................................ submagnesianus 
 Basal pale spot in cell m1  absent or merged with distal pale spot (Fig. 7), flagellomere 8 
with 5-7 (average 6) SCh ........................................................................................ roperi 
7. SCo absent from flagellomeres 9-13 .................................................................. septimus 
 SCo present on at least some of 9-13 ............................................................................. 8 
8. Flagellomere7 with at least six SCh, at least 3 SCo forming a subapical ring on 12 ..... 9 
 Flagellomere 7 with at most four SCh, single SCo on 12 ................................... mabelae 
9. SCo distribution 1,(6,7),9-12 .............................................................................. mindjirri 
 SCo present on 5 and/or 8........................................................................ pseudocordiger 
 
Key to males of species in the Molestus group of Culicoides 
 
1. Wing cell r5 with 3 apical pale spots including poststigmatic (Fig. 12) ............. molestus 
Wing cell r5 with at most 2 pale spots including poststigmatic (Fig. 13-22) ................. 2 
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2. Wing with at most 2 pale spots, poststigmatic and over r-m vein (Fig. 21, 22) ............. 3 
Wing with definite pale markings in addition to poststigmatic and over r-m crossvein 
(Fig.13-20) ...................................................................................................................... 4 
3. Aedeagus with short spines on either side of base of apical process (Fig. 143), 
parameres with prominent thumb-like process on outer margin at about midlength (Fig. 
142), SCo often present on 7 .................................................................. subimmaculatus 
Aedeagus without spines on either side of base of apical process (Fig. 132), parameres 
without thumb-like process on outer margin (Fig. 131), SCo absent from 7 ........... reyei 
4. With dark stripe covering apical half of vein m2 discrete, not extending to either vein m1 
or vein m3+4 (Fig. 17-20) ................................................................................................ 5 
Wing with dark area over vein m2 not discrete, coalescing with dark markings covering 
veins m1 or vein m3+4 (Fig. 12-16) ................................................................................. 7 
5. Tibial comb with 4-5 spines (Fig. 83) ................................................................ balhorni 
Tibial comb with 6-8 spines (Fig. 105, 116) .................................................................. 6 
6. Lateral apical processes of aedeagus straight apically (Fig. 121) ....................... mabelae 
Lateral apical processes of aedeagus with apical hook (Fig. 110) ..................... septimus 
7. Parameres with apical section devoid of teeth, SCo distribution 1, 6, 9-10, STl 
distribution 1-5, 7 ................................................................................... submagnesianus 
Parameres with apical section bearing a row of sharp teeth; SCo absent from 6 and 8; 
STl distribution 1-5 ......................................................................................................... 8 
8. SCo distribution 1,9-12............................................................................ pseudocordiger 
SCo distribution 1,11-12..................................................................................... mindjirri 
 
Culicoides molestus (Skuse) 
(Fig. 1, 11, 21-32, 132) 
 
Ceratopogon molestus Skuse 1889:305 
Culicoides molestus (Skuse) Kieffer 1906:54 (transfer to Culicoides), Macfie 1939:556. 
(redescription of adult female), Lee & Reye 1953:382 (redescription of adult female), Kettle 
& Elson 1976:319 (description of larva and pupa), Marks & Reye 1982:66 (description of 
adult female), Dyce et al. 2007:47 (illustration of female wing). 
 
Non-type material examined. Australia Qld, 1.5k. W. Cape Tribulation, 23.Sep- 7.Oct.1982, Light 
Trap, Site 3, Monteith, Yeates & Thompson, (1 female ANIC), Eurimbula Ck via Agnes Waters, 
Light trap. 16.Dec.1979, C. Brennan & W. Kinsella, (1 female, 3 males, ANIC), "Waterhole" 
Paddock II, Dallachy Creek via Cardwell, Lt tp., 8.Nov.1980, D. Gibson & DFR Davey (1 female, 
ANIC), "Pandanus" Paddock II, Dallachy Creek via Cardwell,Lt Tp. 12.Nov.1980, D. Gibson & 
DFR Davey, (1 female, ANIC), Hinchinbrook Is, Gayundah Creek, 8-9.Nov.1984, EN Marks (3 
female, ANIC), Conway Beach Road, 4km east of Saltwater Ck via Proserpine, Light trap, 
26.June.1980, C. Brennan & W. Kinsella (1 male, ANIC); NSW, McCarrs Cr., 16.Feb.1965, in tidal 
sand, L. Smee (4 males, ANIC), McCarrs Cr., 19.Mar.1965, L. Smee (1 female, 1 male, ANIC), 
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McCarrs Cr., 16.ii.1965, bred ex sand bar, L. Smee (1 female, ANIC), McCarrs Cr., Church Pt, 
16.ii.1965, bred ex sand bar, L. Smee (1 male, ANIC). 
 
Diagnosis. The only species in the Molestus group with wing cell r5 with three pale spots. 
 
Description. 
Adult. 
Eyes bare. Palpus (Fig. 23) with relatively few capitate sensillae in a band on inner surface of 3rd 
segment around the widest part of the segment. Wing (Fig. 1) strongly patterned with discrete pale 
areas, cell r5 with 3 pale markings whose placement is diagnostic for this species. Legs (Fig. 27) 
with weak basal and apical pale bands on fore & mid femora, hind femur unbanded, all tibiae with 
weak basal pale band and unbanded apically. Tibial comb (Fig. 22) with four spines. Haltere brown. 
Female eyes (Fig. 21)separated by a distance of up to one facet. Spermathecae with distinct necks 
(Fig. 28). Male hypopygium (Fig. 29) with apicolateral processes about as long as wide at base, 
caudal margin slightly convex, without median notch. Sternum IX with shallow caudomedial 
excavation lacking spicules. Gonocoxite with ventral root as long as dorsal root. Aedeagus (Fig. 31) 
with a heavily chitinised basal arch almost straight basal arms and a relatively long terminal 
process; basal arms lacking processes arising from shoulders. Parameres (Fig. 30) with stout basal 
arms converging apically, lacking ventral lobes; apical section expanded and armed with about 
eight sharp teeth on the inner margin. 
 
Immatures. Larvae and pupae of C. molestus were described by Kettle & Elson (1976). 
 
Distribution. (Fig. 132) coastal estuaries in eastern Australia (Vic, NSW, Qld including Torres 
Strait). 
 
Biology. Debenham (1979) and Reye (1992) summarized the known biology of this species. 
Immature stages live in intertidal estuarine sands (Kettle et al. 1979). This species has a wide host 
range including humans, sheep, rabbit, flying fox, birds (Lee et al. 1962) and horse (Reik 1954) and 
is a significant human pest in areas where housing is located close to breeding sites (Reye 1992). 
 
Remarks. Debenham (1979) was unable to locate Skuse’s holotype and its location remains 
unknown. Males and females of this species can be distinguished from those of other members of 
the Molestus group by the presence of 3 pale spots in cell r5 of the wing. 
 
Culicoides mindjirri Bellis & Dyce sp n. 
(Fig. 2, 12, 33-43, 131) 
 
Culicoides Molestus Gp sp no 1, Dyce et al 2007:48 (female wing illustrated). 
 
Type Material. Holotype female, Australia NT: Rocky Bay, Yirrkala, 12.667ºS; 136.900ºE, 10-
14.Feb.2005, LT, S. Roeger; Paratypes: 6 males, same data as Holotype (4 males, ANIC, 2 males 
NTQIC); Daliwuy Bay, 12.35ºS; 136.933E, 26-30.Nov.2003, LT, S. Roeger (1 male, NTQIC); 
Dalywoi (sic) Bay, Arnhemland, 24/26 June 1990 Lt Tp., J. Horwood (1 male NTQIC); Rocky Bay, 
Yirrkala, 12.667ºS; 136.900ºE, 17-24 May 2010, LT, G. Bellis (1 female, ANIC), Cobourg Pen., 
Caiman Ck., 11.267˚S, 132.967˚E, 21 June 2006, G. Bellis (1 female, NTQIC), Cobourg Pen., 
Caiman Ck., 11.267˚S, 132.967˚E, 1.Jun.2011, S. Anderson (1 female, NTQIC). 
 
Diagnosis Female: The only species in the Molestus group with wing with longitudinal pale 
marking covering most of vein M1, dark spot in cell r5 almost as dark as stigma and distinctly 
darker than other dark spots on wing; tibial comb with six spines, SCo distribution 1,(6,7),9-12 and 
with about six SCh on each of 2-7. Male: The only species in the Molestus group with wing with 
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longitudinal pale marking covering most of vein M1, dark spot in cell r5 almost as dark as stigma 
and distinctly darker than other dark spots on wing; tibial comb with six spines, with SCo 
distribution 1,(2),11,12; STl distribution 1-5,(10); aedeagus lacking shoulder horns, parameres 
lacking a ventral lobe and ninth sternite with membrane spiculate. 
 
Description 
Adults: Palpus (Fig. 34) with 3rd segment short, narrowed apically from basal edge of subapical 
depression on inner surface bearing capitate sensilla. Wing (Fig. 2 and 12) relatively strongly 
patterned with the dark spot in cell r5 and basad of rm crossvein almost as dark as stigma and 
noticeably darker than other dark areas on the wing. Legs (Fig.38) with weak subapical pale bands 
on fore and mid femora, hind femora without apical pale band; all tibiae with subbasal pale band 
and lacking apical pale band. Tibial comb (Fig. 37) with six spines, the first longest. Haltere pale. 
Female eyes bare, separated by a distance of about one facet (Fig. 33). Spermathecae with distinct 
necks (Fig. 39). Male eyes mostly bare but with a band of weak interfacetal hairs medially. 
Hypopygium (Fig. 40) 9th tergite with apicolateral processes a little longer than wide at base caudal 
margin flat. Ninth sternite with deep caudomedial excavation bearing median patch of spicules. 
Aedeagus (Fig. 42) with heavily chitinised, almost straight basal arms and a relatively short 
terminal process; basal arms lacking processes. Parameres (Fig. 41) slender, basal arms converging 
apically, ventral lobe absent; apical section expanded and armed with about five sharp teeth on the 
inner margin. 
 
Immatures. Unknown. 
 
Etymology. The specific name is the word for biting midge used by the aboriginal people of the 
Yirrkala area, northeastern Arnhemland, NT, Australia the type locality for this species. 
 
Distribution. (Fig. 131) coastal NT. 
 
Biology. Unknown. Collection data suggests this species lives in sandy estuarine habitats. 
 
Remarks. This species appears closest to C. pseudocordiger. Both of these species possess dark 
markings apically in cell r5 and basad of the r-m crossvein which are significantly darker than other 
dark markings on the wing excepting the stigma. They also share an apical ring of SCo on 
flagellomere 12, a relatively consistent number of SCh on flagellomeres 2-7 in the female and in the 
absence of SCo on flagellomeres 6 and 8 and of STl on flagellomere 7 in the male and these 
characters distinguish these species from others in the Molestus group. Antennal SCo distribution of 
males or females can be used to distinguish C. mindjirri from C. pseudocordiger. 
The Middle Eastern species, C. mesghalii Navai, shares a number of character states with 
both C. mindjirri and C. pseudocordiger. The cylindrical 4th tarsal segment and SCo distribution of 
C. mesghalii distinguish it from C. mindjirri from C. pseudocordiger. 
 
Culicoides pseudocordiger Wirth & Hubert 
(Fig. 3, 13, 44-54, 136) 
 
Culicoides pseudocordiger Wirth & Hubert 1989:447 
Culicoides sp. 18; Noordin and Zachariah, 1976:183 (Brunei record). 
 
Type material examined. Malaysia: Holotype female, Pahang Kuantan, Telok Sisek, 14.VI.1958, 
R.H. Wharton, light trap (USNM); Allotype, same data as holotype; Paratype, Pahang Kuantan, 
16.Aug.1973, R. Parsons, Light trap (1 female, USNM); Pulau Pangkor, 1.Apr.1950, R. Traub, light 
(1 female, USNM). 
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Diagnosis: Female: The only species in the Molestus group with wing with dark spot in cell r5 and 
that basad of rm crossvein almost as dark as stigma and distinctly darker than other dark spots on 
wing; tibial comb with six to seven spines, SCo distribution 1,(2,3),4-10 and with about six SCh on 
each of 1-7, fewer on 8. Male: The only species in the Molestus group with wing with dark spot in 
cell r5 and that basad of rm crossvein almost as dark as stigma and distinctly darker than other dark 
spots on wing; tibial comb with six to seven spines, SCo distribution 1, 9-12; STl distribution 1-5, 
aedeagus lacking shoulder horns, parameres lacking a ventral lobe and ninth sternite with 
membrane bare. 
 
Description 
Adults: Eyes bare or with a band of weak interfacetal hairs medially. Palpus (Fig. 45) with 3rd 
segment short and narrowed apically from basal edge of subapical depression on inner surface 
bearing capitate sensilla in individual pits. Wing (Fig. 3 and 13) relatively strongly patterned with 
the dark markings in cell r5 and basad of the rm crossvein almost as dark as the stigmatic spot and 
noticeably darker than other dark areas on the wing. Legs (Fig. 49) with weak subapical pale bands 
on fore and mid femora, hind femora unbanded; all tibiae with subbasal pale band and unbanded 
apically. Tibial comb (Fig 48) with six spines, the first longest. Haltere pale. Female eyes separated 
by a distance of less than 1/2 facet (Fig. 44). Spermathecae with distinct necks (Fig. 50). Male 
hypopygium (Fig. 51) 9th with apicolateral processes a little longer than wide at base, caudal margin 
flat with slight median notch. Ninth sternite with deep caudomedial excavation bare of spicules. 
Aedeagus (Fig. 53) with heavily chitinised, almost straight basal arms and a relatively short 
terminal process; basal arms lacking processes. Parameres (Fig. 52) slender, basal arms converging 
apically, ventral lobe absent; apical section expanded and armed with about five sharp teeth on the 
inner margin. 
 
Immatures. Unknown. 
 
Distribution. (Fig. 136) coastal Malaysia, Indonesia (Sumatra) and Borneo (Brunei Darussalam). 
 
Biology. Breeding site unknown. Label data of specimens reported by Wirth & Hubert (1989) 
indicated this species bites humans. 
 
Remarks. This species appears closest to C. mindjirri based on the wing and antennal characters 
described under C. mindjirri. Antennal SCo distribution of can be used to distinguish both sexes of 
C. pseudocordiger from C. mindjirri. 
 
Culicoides submagnesianus Tokunaga 
(Fig. 4, 14, 55-65, 134) 
 
Culicoides submagnesianus Tokunaga 1962:484. 
Culicoides new species WIC, Marks and Reye 1982:70. 
Culicoides sp nr subimmaculatus Reye (1992):12 (biting habits, distribution). 
Culicoides submagnesianus Dyce et al 2007:48 female wing illustrated. 
 
Non-type material examined: Australia, Qld: Port Douglas, Mangroves L.T., 4/5.xi.76, 
H.A.Standfast, AL Dyce (4 females, ANIC); Portland Roads, 5.March.2007, LT A.Postle (3 
females, AQISNT); Trinity, Port Douglas Marina, 240 V N.I Lt Tp, 22.Oct.1981, E.J. Reye (1 male, 
ANIC); Port Douglas, (9 Warner St), Light Trap, 21-22.Oct.1981, EJ Reye (1 male, ANIC); 
Darnley Island, 9.5833˚S 143.750˚E, 29 June 2009, LT, R. Stephen (1 male, AQISNT); Ugar 
(Stephens) Is, Torres Strait, 9.500˚S 143.533˚E, May-June 2009, Lt Tp, R. Stephen (2 females, 6 
males, AQISNT); Bamaga, .10.85°S, 142.417°E, 26.Feb.2009, J. Bond (1 female, NTQIC); Nagi 
Island, .10.25°S, 142.48°E, 6.Mar.2008, A.Postle (1 female, NTQIC). Papua New Guinea: West 
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New Britain, Kimbe, Numundo Plantation Feedlot, 27-28.Feb.2007, LT, N.Harris (2 females, 
AQISNT); Baba, 10.3147°S, 150.3824°E, 27.Nov.2009, L.Halling (1 female, NTQIC).  
 
Diagnosis. Female: The only species in the Molestus group lacking spermathecal necks. Male: The 
only species in the Molestus group with parameres lacking an apical tooth-bearing flange. 
 
Description 
Adult: Eyes bare. Palpus (Fig. 56), with individual capitate sensillae in a depression on the inner 
surface of 3rd segment distad of the widest part of the segment. Wing (Fig. 4, 14) with more or less 
distinct pattern; dark markings over veins M1, M2 and M3+4 linked; more or less discrete pale spot in 
base of cell m1. Legs (Fig. 60) with weak basal and apical pale bands on fore & mid femora, hind 
femur unbanded, all tibiae with weak basal pale band; fore tibiae unbanded, mid and hind tibiae 
with weak pale apical band. Tibial comb (Fig. 59) with 5 spines, the first longest. Haltere pale 
brown. Female eyes (Fig. 55) separated by a distance of less than one facet. Spermathecae without 
distinct necks (Fig. 61). Male hypopygium (Fig. 62) with apicolateral processes much longer than 
wide at base, caudal margin slightly concave, without median notch. Sternum IX with very shallow 
caudomedial excavation lacking spicules. Gonocoxite with ventral root as long as dorsal root. 
Aedeagus (Fig. 64) with a moderately long terminal process; basal arms without processes. 
Parameres (Fig. 63) with stout basal arms converging and narrowing medially, smoothly tapering 
towards tip; ventral lobe absent; distal portion sinuate and directed caudad; apical, tooth-bearing 
flange absent. 
 
Immatures. Unknown. 
 
Distribution. (Fig. 134) Australia (coastal northeastern Qld) and PNG. 
 
Biology. Reye (1992) reported this species as an “abundant and severe” human pest, apparently 
associated with marine sand. Collection data supports the assertion that this species lives in coastal 
habitats. 
 
Remarks. This species is unusual in the Molestus group as the male parameres lack teeth on the 
apical flange and the female spermathecae lack necks. These characters can be used to reliably 
separate this species from others in the Molestus group. 
 
Culicoides balhorni Bellis & Dyce sp n. 
(Fig. 5, 15, 66-76, 131) 
 
Undescribed species with pupal behavioural type “C”, Dyce & Murray 1966:38. 
Culicoides Molestus Gp sp no 2; Dyce et al. 2007:48 (female wing illustrated). 
 
Type Material. Holotype female, Australia Vic, Port Welshpool, 26 Feb 1965, Puddling, A.L. Dyce 
(ANIC). Paratypes: Australia, Vic, same data as holotype (10 females, 5 males ANIC); Old Port 
Albert, 23 Feb 65, LT, A.L. Dyce (1 female ANIC); Port Albert, Vic., Aspirator, 23 Feb 65, A.L. 
Dyce (1 male ANIC); Lakes Entrance, 21 Feb 1965, Lt Tp., A.L. Dyce & M.D. Murray (2 females 
ANIC); Woodside, 38.552°S, 146.939°E, Lt Tp, m, 25.Feb.2012, J-B.Duchemin & D. Boyle (1 
female NTQIC). NSW, Raleigh, 6 May 1997, Lt. Tp. T. Rose (1 female NTQIC); Maianbar, Port 
Hacking, 23 Jan 1965, L.T. G. Edwards (2 males NTQIC); Maianbar human bait, afternoon, 18 Jan 
1964, M.C. Edwards (1 female ANIC); Brunswick Heads, April 1973, T. Lennon & B.H. Kay (2 
females NTQIC); Moruya 9 Nov 1965, sweep net M.D. Murray (1 female, 1 male ANIC); Moruya 
8 Nov 1965 Lt Tp., A.L. Dyce & M.D. Murray (1 female ANIC); Moruya 9 Nov 1965 Lt Tp., A.L. 
Dyce & M.D. Murray (1 male ANIC); Broulee, 11 Apr 1966, Lt Tp, M. Upton (1 female ANIC); 
Nambucca Heads, 21 May 1966, Z. Leipa, (1 female ANIC); Eden Port 6 Dec 2000 R. Jennings (1 
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male NTQIC); Tas, 40.95ºS, 149.017ºE, 1km SE Gladstone, 6 Feb 1983, at light, J.C. Clarke (1 
male ANIC); Falmouth 8 Jan 1997 T. McManus (1 female NTQIC). 
 
Diagnosis: Female: The only species in the Molestus group with wing with more or less distinct 
pattern of pale and dark markings, pale markings in cells m1 and m2 in form of longitudinal stripes 
separated from veins by fuscous borders which extend to the wing margin, SCo distribution 1,(2),3-
8, flagellomeres 2, 4, and 6 with about six SCh, flagellomeres 3, 5, 7, and 8 with about four SCh 
and tibial comb with four spines. Male: The only species in the Molestus group with wing with 
more or less distinct pattern of pale and dark markings, pale markings in cells m1 and m2 in form of 
longitudinal stripes separated from veins by fuscous borders which extend to the wing margin, SCo 
distribution 1, (5), 6-10, tibial comb with four spines, aedeagus with shoulder horns, parameres with 
ventral lobes and 9th sternite with ventral membrane bare. 
 
Description 
Adult: Eyes bare. Palpus (Fig. 67) with 3rd segment almost cylindrical with tapered base, capitate 
sensilla grouped on inner surface. Wing (Fig. 5,15) rather weakly patterned with extensive pale 
areas, dark stripes laying over apical part of veins m2 and m3+4. Legs (Fig. 71) with weak basal and 
apical pale bands on fore & mid femora, hind femur unbanded, all tibiae with weak basal pale band 
and unbanded apically; tibial comb (Fig. 70) with four spines, the first longest. Haltere pale brown. 
Female eyes separated by a distance of less than one facet (Fig. 66). Spermathecae with distinct 
necks (Fig. 72). Male hypopygium (Fig. 73) with apicolateral processes longer than wide at base, 
caudal margin slightly convex. Ninth sternite with shallow caudomedial excavation lacking 
spicules. Gonocoxite with dorsal root long and curved mesad; ventral root as long as dorsal root. 
Aedeagus (Fig. 75) a heavily chitinised arch with a long distal process; basal arms bearing a pair of 
short, pointed triangular flaps arising from the dorsal margin of the basal arms lateral from the base 
of the distal process. Parameres (Fig. 74) with stout basal arms converging apically, each bearing a 
blunt, finger-like ventral lobe about midway; apical section expanded and armed with about eight 
sharp teeth on the inner margin. 
 
Immatures. unknown. 
 
Etymology. Named after Mr. Sidney Balhorn who provided logistical assistance while collecting 
the type series. 
 
Distribution. (Fig. 131) coastal estuaries in southeastern Australia (Victoria, NSW and Tasmania). 
 
Biology. Adults were reared from pupae collected from the steeply sloping northerly face 
(landward) of a low spit of coarse sand adjacent to a mangrove flat at the mouth of a small stream. 
Transect sampling revealed that larvae and pupae were abundant but confined to a narrow zone 
about 20cm vertical width, characterized by a strong growth of blue-green algae (Aphanocapsa 
littoralis and Oscillatora sp.). This zone appeared to mark the approximate limit of high tides and 
remained damp at all times. Presence of algae was apparent only when the sand surface was 
disturbed and the blue-green colour extended to about 1.5cm below the surface. Both larvae and 
pupae strongly avoided light. The behaviour of the pupae of this species was described by Dyce & 
Murray (1966) as an undescribed species of behavioural type C. 
 
Adults were collected only in places where banks of clean sand occurred adjacent to mangroves. 
Both sexes were attracted to light traps. Limited collecting from hosts revealed that goats and 
humans are attacked and light traps set inside chicken pens yielded females. 
 
Remarks. The wing pattern of this species is indistinguishable from that of C. roperi, C. septimus 
and C. mabelae but this group of species can be separated from all other members of the Molestus 
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group by the longitudinal pale markings in cells m1 and m2 which are separated from veins by 
fuscous borders which extend to the wing margin. Culicoides balhorni differs from C. mabelae and 
C. septimus by having only 4 spines on the tibial comb. The presence of SCo on flagellomere 5 or 6 
of the female and on flagellomere 7 of the male in C. balhorni separate this species from C. roperi. 
 
Culicoides roperi Bellis & Dyce sp nov. 
(Fig. 6, 16, 77-87, 132) 
 
Culicoides subimmaculatus (misidentified): Lee & Reye 1955:242; Southcott 1973:41. 
 
Type material examined. Holotype female, Australia SA Port Gawler, 21.Feb.1966, MD Murray 
(ANIC). Paratypes: same data as Holotype (7 females, ANIC); Mambray Creek, 18.Mar.2001, W. 
Mossop (2 females, ANIC); Mambray Creek 10.Apr.2000, W. Mossop (1 female, ANIC); Mambray 
Creek, 10 Apr 2000, Lt Tp., G. Axford (1 male, 5 females, ANIC); Tarlee, TT, 25.Oct.1992, D.S. 
Gibson (1 female, ANIC); Yorke Pen., 2 Nov 1953 (2 females ANIC). 
 
Diagnosis: Female: The only species in the Molestus group with wing with more or less distinct 
pattern of pale and dark markings, pale markings in cells m1 and m2 in form of longitudinal stripes 
separated from veins by fuscous borders which extend to the wing margin, SCo distribution 1,5-8, 
flagellomere 8 with 5-7 (average 6) SCh and tibial comb with four spines. Male: The only species in 
the Molestus group with wing with more or less distinct pattern of pale and dark markings, pale 
markings in cells m1 and m2 in form of longitudinal stripes separated from veins by fuscous borders 
which extend to the wing margin, SCo distribution 1,6,8-10, tibial comb with four spines, aedeagus 
lacking shoulder horns, parameres with short ventral lobes, 9th sternite with ventral membrane bare. 
 
Description 
Adult. 
Eyes bare. Palpus (Fig. 79) with capitate sensilla grouped in subapical depression of segment 3. 
Wing (Fig. 6, 16) rather weakly patterned with extensive pale areas, dark stripes laying over apical 
part of veins m2 and m3+4. Legs (Fig. 82) unbanded, tibial comb (Fig. 83) with four spines. Haltere 
pale. Female eyes (Fig. 77) separated by a distance of about one facet. Spermathecae with distinct 
necks (Fig. 78). Male hypopygium (Fig. 84) with apicolateral processes longer than wide at base, 
caudal margin slightly convex, with slight median notch. Sternum IX with shallow caudomedial 
excavation lacking spicules. Gonocoxite with ventral root as long as dorsal root. Aedeagus (Fig. 86) 
a heavily chitinised arch with a relatively long terminal process; basal arms lacking shoulder horns. 
Parameres (Fig. 85) with stout basal arms converging apically, each bearing a short, blunt ventral 
lobe; distal half narrower, apical section expanded and armed with about seven sharp teeth on the 
inner margin. 
 
Immatures. Unknown. 
 
Etymology. We have the pleasure of naming this species after Mr Ian Roper, formerly of CSIRO 
McMaster Laboratory, in recognition of his contributions to the wing photography of biting midges. 
 
Distribution. (Fig. 132) coastal South Australia. 
 
Biology. Largely unknown. Southcott (1973) reported cases of human attack by C. subimmaculatus 
in coastal SA and these records almost certainly refer to C. roperi which is the only member of the 
Molestus group known to occur in SA. 
 
Remarks. Females of this species appear closest to C. balhorni and can be distinguished from all 
other members of the Molestus group by the same suite of characters as discussed under C. 
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balhorni. From C. balhorni it may be distinguished by the absence of SCo from flagellomeres 3 and 
5 and the higher number of SCh on flagellomere 8. The two female specimens from Yorke 
Peninsula examined in this study are likely to be the specimens reported as C. subimmaculatus by 
Lee & Reye (1955). No confirmed specimens of C. subimmaculatus ss. have been reported from SA 
suggesting that all SA records of C. subimmaculatus, such as that of Southcott (1973), are referable 
to C. roperi. The wing of this species was not illustrated by Dyce et al (2007). 
 
Culicoides septimus Bellis & Dyce sp nov. 
(Fig. 7, 17, 88-98, 133) 
 
Culicoides Molestus gp sp no 3, Dyce et al 2007:48. 
 
Type Material. Holotype female, Australia Vic, Squeaky Bay, Wilson's Prom, 21.Jan.1967, 
Puddling, R. Holst & A.L. Dyce (ANIC). Paratypes: Australia, Vic, same data as Holotype (1 
male, ANIC); Squeaky Beach, Wilson's Prom, 24.Jan.1967, Puddling, R. Holst & A.L. Dyce (2 
males, ANIC); Wilson's Prom. Tidal R., dusk to man, 28.Feb.1965, A.L. Dyce & M.D. Murray (5 
females, ANIC); Norman Beach, Wilson's Promontary, 28.Feb.1965, to man, A.L. Dyce (1 female, 
ANIC); NSW: Mystery Bay, 24.Nov.1965, puddling, A.L. Dyce & M.D. Murray (1 male, ANIC); 
Tas: Falmouth, 10.Mar.1997, T.M. McManus (1 female, ANIC). 
 
Diagnosis: Female: The only species in the Molestus group with wing with more or less distinct 
pattern of pale and dark markings, pale markings in cells m1 and m2 in form of longitudinal stripes 
separated from veins by fuscous borders which extend to the wing margin, 1,(2,3),5-8, 
flagellomeres 2-4 and 6 with about six SCh, 5, 7 and 8 with about five SCh and tibial comb with 
seven spines. Male: The only species in the Molestus group with wing with more or less distinct 
pattern of pale and dark markings, pale markings in cells m1 and m2 in form of longitudinal stripes 
separated from veins by fuscous borders which extend to the wing margin, SCo distribution 1,6,8-
12,13; STl distribution 1-5,7; aedeagus lacking shoulder horns, parameres with short ventral lobes, 
sternite with ventral membrane bare. 
 
Description 
Adult. 
Eyes bare. Palpus (Fig. 89) with capitate sensilla in a depression apicad of an oblique ridge at 
widest part of 3rd segment. Wing (Fig. 7, 17) with more or less distinct pattern of pale and dark 
markings, pale markings in cells m1 and m2 in form of longitudinal stripes separated from veins by 
fuscous borders which extend to the wing margin. Legs (Fig. 93) with weak basal and apical pale 
bands on fore & mid femora, hind femur unbanded, all tibiae with weak basal pale band and 
unbanded apically. Tibial comb (Fig. 92) with seven spines. Haltere pale to light brown. Female 
eyes (Fig. 88) separated by a distance of less than one facet. Spermathecae with distinct necks 
(Fig.94). Male hypopygium (Fig. 95) with apicolateral processes about as long as wide at base; 
caudal margin convex, without median notch. Sternum IX with shallow caudomedial excavation 
lacking spicules. Gonocoxite with ventral root at least as long as dorsal root. Aedeagus (Fig. 97) 
with a deep, heavily chitinised basal arch with a moderately long terminal process; basal arms each 
bearing a slender process arising from about midlength and extending almost to the tip of the distal 
process, their apex flexed laterally. Parameres (Fig. 96) with stout basal arms converging apically, 
each bearing a blunt ventral lobe; distal half narrower; apical section expanded and armed with 
about nine sharp teeth on the inner margin. 
 
Immatures. unknown. 
 
Etymology. The specific name is derived from the Latin word “sept” for seven following the 
number of spines on the tibial comb of this species. 
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Distribution. (Fig. 133) coastal estuaries in southeastern Australia (Victoria, NSW and Tasmania). 
 
Biology. Label data suggest this species bites humans. Several specimens of the type series were 
reared from pupae collected from estuarine sands. 
 
Remarks. Males and females of this species can be distinguished from all other members of the 
Molestus group excepting C. mabelae by the combination of the presence of discrete dark stripes 
along veins m2 and m3+4 and 6-7 spines on the tibial comb of both sexes. Female C. septimus lack 
SCo on distal flagellomeres which separates this species from C. mabelae. The aedeagus of male C. 
septimus possess basal arm processes which hook outward apically which differ from the straight 
processes seen on male C. mabelae. These basal arm processes which arise from near the base of 
the arms are unusual in the Molestus group and are similar to those present in C. subgen. Synhelea. 
 
Culicoides mabelae Bellis & Dyce sp n. 
(Fig. 8, 18, 99-108, 133) 
 
Culicoides sp. B., Edwards 1980:205 (similarity to C. subimmaculatus) 
Culicoides Molestus Gp sp no 4, Dyce et al. 2007:48 (female wing illustrated). 
 
Type Material. Holotype female, Australia NSW, Brunswick Heads, 16.Mar.1973, T. Lennon 
(ANIC). Paratypes: same data as Holotype (3 females, ANIC); Brunswick Heads, April 1973, T. 
Lennon & B.H. Kay (3 females, 1 males, NTQIC, 1 male ANIC). Qld: Lake Wabby, Sth end Fraser 
Is., 14 Dec 1975, H. Burton (8 females, ANIC, 4 females NTQIC); Fraser Is, 2km N. Happy Valley 
behind dunes nr. Ck., 5.Aug.1982, 1600 hrs, to man, J. King (7 females, ANIC); Lockerbie Scrub, 
Cape York Pen. 29-31 May 1984, Light Trap, M.M. Harris (2 females, ANIC); Rainforest, 
Lockerbie, L.T. 7/8.Jun.1990, W. Doherty & S. Johnson (1 female, NTQIC); 5km W. by W. 
Rounded Hill, 7.Oct.1980, D.H. Colless (2 females, ANIC); Brackenridge, 27.3167S, 153.033E, 
25.Nov.2009, M. Shivas (1 female AQISNT); Lota, 27.467S, 153.183E, 3.Nov.2009, M. Shivas 
(1 female, AQISNT). 
 
Other material examined: Qld: Tingalpa Ck, 16.May.1974, Light Trap, P.B. Edwards (2 females, 
ANIC). 
 
Diagnosis: Female: The only species in the Molestus group with wing with more or less distinct 
pattern of pale and dark markings, pale markings in cells m1 and m2 in form of longitudinal stripes 
separated from veins by fuscous borders which extend to the wing margin SCo distribution 1-12, 
flagellomeres 2, 4, and 6 with about six SCh, flagellomeres 3, 5, 7, and 8 with about four SCh and 
tibial comb with six to seven spines. Male: The only species in the Molestus group with wing with 
more or less distinct pattern of pale and dark markings, pale markings in cells m1 and m2 in form of 
longitudinal stripes separated from veins by fuscous borders which extend to the wing margin, SCo 
distribution 1,6,8-12, tibial comb with six to seven spines, aedeagus bearing long shoulder horns, 
parameres with stout ventral lobes, 9th sternite with ventral membrane bare. 
 
Description 
Adult: Eyes bare. Palpus (Fig. 100) with capitate sensilla grouped in a shallow depression on inner 
surface of apical ¼ of 3rd segment. Wing (Fig. 8, 18) rather weakly patterned with extensive pale 
areas, dark stripes laying over apical part of veins m2 and m3+4. Legs ( Fig. 104) with pale basal and 
apical bands on all femora, pale basal bands on all tibiae; tibial comb with six to seven spines. 
Haltere pale. Female eyes almost touching in most specimens (Fig. 99). Spermathecae with distinct 
necks (Fig. 105). Male hypopygium (Fig. 106) with apicolateral processes longer than wide at base, 
caudal margin flat with slight median notch. Ninth sternite with shallow caudomedial excavation 
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lacking spicules. Gonocoxite with ventral root longer than dorsal root. Aedeagus (Fig. 108) with a 
deep, heavily chitinised basal arch with a relatively long terminal process; basal arms each bearing a 
process arising from the shoulder and extending almost to the tip of the distal process, their apices 
straight. Parameres (Fig. 107) with stout basal arms converging apically, each bearing a blunt, 
thumb-like ventral lobe; apical section expanded and armed with about seven sharp teeth on the 
inner margin. 
 
Immatures. Unknown. 
 
Etymology. We have the pleasure of naming this species after Mrs Mabel Hilda Dyce, in 
recognition of her assistance to the collaboration of two of the authors. 
 
Distribution. (Fig. 133) coastal estuaries in Qld and northern NSW. 
 
Biology. Unknown. Edwards (1980) and label data of specimens examined herein suggest this 
species is associated with estuarine habitats. 
 
Remarks. Males and females of this species can be distinguished from all other members of the 
Molestus group excepting C. septimus by the combination of the presence of discrete dark stripes 
along veins m2 and m3+4 and 6-7 spines on the tibial comb of both species. Notes on separation of C. 
septimus and C. mabelae are provided in the discussion of C. septimus. 
 
Culicoides reyei Bellis & Dyce sp nov. 
(Fig. 9, 19, 109-119, 135) 
 
Culicoides sp nr subimmaculatus, Reye 1992:11 (Biology summarised). 
Culicoides Molestus Gp sp no 5, Dyce et al. 2007:49 (female wing illustrated). 
Culicoides subimmaculatus (misidentified): Lee & Reye (1953, 1955, Qld records); Reye & Lee 
(1961); Lee et al. (1962; 1963); Kay (1973); Kettle & Elson (1976); Edwards (1980; 1982; 
1989); Kay & Lennon (1982); Edwards et al. (1987). 
 
Type material. Australia Qld: Holotype male Redlands Bay, Rusters, 240V N.J. Lt Tp, 8-9 
Sep.1989, E.J. Reye (ANIC). Paratypes Qld same data as holotype (1 female, 5 males, ANIC); 
Kinka Ck, via Yeppoon, Light Trap, 2.Oct.1980, C. Brennan & D. Gibson (2 females ANIC); 
Eurimbula Ck via Agnes Waters, Light trap, 15.Dec.1979, C. Brennan & W. Kinsella (2 females, 
ANIC); 1770, Round Hill Head, Light Trap, 11th Dec.1979,C. Brennan & W. Kinsella (2 females, 
ANIC); Trinity, Port Douglas marina, 240V NJ Lt Tp, 1745-1915 hrs, 22.Oct.1981, E.J. Reye (1 
male, ANIC); Southport, 30.Apr.1953, 1630 hrs, net, Zone B, bare flat between dunes, EJ Reye 
(1male, ANIC); Currigee via Southport, 3 May 1953, 1700hrs net, mangrove shore line E.J. Reye (1 
male, ANIC); Toorbul Pt, 14.iii.73, Mictyris area, Em. 21.iii.73, EJ Reye (2 males, ANIC). NT: nr 
Lee Point, Darwin, 18.Nov.2007, CO2 trap, J. Carter (5 females, NTMEB); Port Keats site 4, Lt. 
Tp., 28.September 2004, J. Webb (5 females, NTMEB); Darwin, Casuarina, Sandy Ck. Mouth, 
16.Aug.2008, LT (blue), (2 males, NTMEB); Casuarina, Darwin, 2 Aug 1998, B. Haigh (5 females, 
ANIC). NSW: Coffs Harbour, 17.Aug.1952, 1630hrs net, EJ Reye (2 males, ANIC).  
 
Other material examined: Australia Qld: Cairns, Catalina Ck, 16.92°S, 145.77°E, 17.Feb.2010, 
A.Postle (1 female, NTQIC); Boondall wetlands, Boondall, 27.35°S, 153.07°E, 12.Oct.2008, M. 
Shivas (4 females, NTQIC); Gold Coast, Elanora Lake, 28.133°S, 153.45°E, net, 715-745pm, m, 
11.Jan.2012, G.Bellis & J.Kell (5 females, NTQIC). NSW, Brunswick heads, 28.5167°S, 153.55°E, 
18.Nov.2009, M.Shivas Shivas (4 females, NTQIC); Winda Wopper via Hawk's Nest, .32.6669°S, 
152.1594°E, net, 8.830am, 0m, 14.Jan.2012, G.Bellis (2 female, NTQIC); Winda Wopper via 
Hawk's Nest, .32.6669°S, 152.1594°E, 8am biting, 0m, 14.Jan.2012, G. Lee (4 females, NTQIC). 
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NT, Buffalo Ck via Darwin, 12.333°S, 130.900°E, 2.Nov.2009, G. Bellis (2 females, NTQIC); Port 
Keats, 14.2333°S, 129.5167°E, 28.Sep.2009, J.Webb (1 female, NTQIC); Darwin, 12.47°S, 
130.83°E, 5.May.2010, Glenn Bellis (3 females, NTQIC). 
 
Diagnosis. Female: The only species in the Molestus group with unpatterned wing excepting pale 
spots over r-m crossvein and post-stigmatic and lacking SCo on flagellomere 3. Male: The only 
species in the Molestus group with unpatterned wing excepting pale spots over r-m crossvein and 
post-stigmatic, aedeagus without shoulder horns and parameres without ventral lobes. 
 
Description 
Adult. Eyes bare. Palpus (Fig. 110), bearing a group of capitate sensilla on the tapered, inner 
subapical surface of third segment. Wing (Fig. 9. 19) unpatterned excepting dark stigma over radial 
sector and weakly defined pale spots over r-m crossvein and post-stigmatic Legs (Fig. 114) 
generally unbanded although some specimens exhibit weak pale bands basally on the tibiae. Tibial 
comb (Fig. 113) with four spines. Haltere pale. 
Female. Eyes (Fig. 109) separated by a distance of less than one facet. Spermathecae with distinct 
necks (Fig. 115). 
Male. Hypopygium (Fig. 116) with apicolateral processes a little longer than wide at base; caudal 
margin slightly convex, without median notch. Sternum IX with very shallow caudomedial 
excavation lacking spicules. Gonocoxite with ventral root at least as long as dorsal root. Aedeagus 
(Fig. 118) with a deep, heavily chitinised basal arch with a relatively long terminal process; basal 
arms with shoulders bare, not bearing processes. Parameres (Fig. 117) with stout basal arms 
converging apically, outer margin without ventral lobes; apical section expanded and armed with 
about six sharp teeth on the inner margin. 
 
Immatures. Larvae and pupae of C. reyei were described by Kettle & Elson (1976) as C. 
subimmaculatus. 
 
Etymology. Named after the late Dr. Eric J. Reye in recognition of his contribution to the 
understanding of Australasian biting midges, particularly those species of medical importance. 
 
Distribution. (Fig. 135) coastal estuaries in eastern and northern Australia (NSW north of about the 
Myall Lakes, Qld, NT). 
 
Biology. Extensive work on the biology of this species from southern Qld was summarized by 
Debenham (1978) and reported by Edwards (1980; 1982; 1989); Kay & Lennon (1982) and 
Edwards et al (1987) under the name C subimmaculatus. Immatures live in estuarine sands (Kettle 
& Elson 1976) and appear to be associated with crabholes (Reye 1992). Adults are significant pests 
of humans (Edwards 1980; Reye 1992) but have also been reported to feed on flying fox, sheep, 
cattle and rabbit (Reye & Lee 1961; Lee et al. 1962). 
 
Remarks. The reduced pattern of the wing distinguishes this species and C subimmaculatus from 
all others in the Molestus group. There has been considerable confusion in the literature between 
this species and C. subimmaculatus. The shoulder horns of the aedeagus and ventral lobes of the 
parameres clearly separate the males of these species although morphological separation of the 
females is less obvious. The presence of SCo on flagellomeres 3 and 4 is indicative of C 
subimmaculatus although SCo are rarely present on flagellomere 3 of C. reyei and occasionally 
absent from 4 in C subimmaculatus. 
Geographically, there is little overlap between these species with C. subimmaculatus s.s. 
occurring in Vic and NSW north to about Coffs Harbour while C. reyei inhabits the coastline of 
NSW north from the Myall Lakes into Qld and NT. Tokunaga (1963) also reported a single female 
of C. subimmaculatus s.l. from Sarmi on the northern coast of Indonesian Papua with a SCo 
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distribution of 1, 5-8 which conforms with C. reyei. The temperate distribution of C. 
subimmaculatus s.s in Australia indicates that Tokunaga’s (1963) New Guinea specimen is almost 
certainly not referable to that species however, males or DNA data from New Guinea are required 
to confirm the presence of C. reyei. 
The geographical demarcation between C. reyei and C subimmaculatus allows reliable 
interpretation of some previously published studies on C. subimmaculatus s.l. The majority of work 
on the breeding sites and biology of C. subimmaculatus s.l. was conducted in northern NSW or Qld 
(Reye & Lee 1961; Lee et al. 1962; Kay 1973; Kettle & Elson 1976; Edwards 1980; 1982; Kay & 
Lennon 1982; Edwards et al. 1987) and is consequently referable to C. reyei. In fact, little work has 
been published on C. subimmaculatus ss. 
 
Culicoides subimmaculatus Lee & Reye 
(Fig. 10, 20, 120-130, 134) 
 
Culicoides subimmaculatus Lee & Reye 1953:375. 
Marks & Reye 1966:90, 1967:90, 1973;98 1982:68 (description of female) 
Dyce et al. 2007:49 (female wing illustrated). 
 
Type material examined: Australia NSW, Holotype female, biting at dusk, Palm Beach 
2.Mar.1946, D.J. Lee (ANIC); Paratypes, same data as holotype (2 females, ANIC).  
Non-type material examined: Careel Bay, 20.ix.1965, Bred ex sand, L. Smee (2 females, ANIC), 
Hornsby, 29.x.1957, light trap, DJ Lee (1 female, ANIC), Hornsby, 23.i.1957, light trap, DJ Lee (1 
female, ANIC), Mc Carrs Ck, 9.Mar.1965, sweeping, L. Smee (1 female, ANIC), Spencer, 
13.Feb.65, L. Smee (1 female, ANIC), Spencer, 23rd Feb. 1965 (1 male, ANIC), Coffs Harbour, 
17.Aug.1952, 1630hrs net, EJ Reye (3 males, ANIC), McCarr's Ck, Pittwater, 8.i.65, L. Smee, net 
(1 male, ANIC), Careel Bay, Salicornia zone, 30.Jan.1958, emergence trap. E.J. Reye (3 males, 
ANIC), VIC: Anderson's Inlet via Wanthaggi, 27.Feb.1998, biting collector, K. Hergstrom (1 
female, ANIC). 
 
Diagnosis: Female: The only species in the Molestus group with unpatterned wing excepting pale 
spots over r-m crossvein and post-stigmatic and usually bearing SCo on flagellomere 3. Male: The 
only species in the Molestus group with unpatterned wing excepting pale spots over r-m crossvein 
and post-stigmatic, aedeagus with short thorn-like processes arising from shoulders, parameres with 
ventral lobes. 
 
Description 
Adult. 
Eyes bare. Palpus (Fig. 121) with capitate sensilla grouped on the tapered inner subapical surface of 
third segment. Wing (Fig. 10, 20) unpatterned excepting dark stigma over radial sector and pale 
spots over r-m crossvein and post-stigmatic Legs (Fig. 126) generally unbanded although some 
specimens exhibit weak pale bands basally on the tibiae. Tibial comb (Fig. 125) with four spines. 
Haltere pale brown. Female eyes (Fig. 120) separated by a distance of up to one facet. 
Spermathecae with distinct necks (Fig. 124). Male hypopygium (Fig. 127) with apicolateral 
processes longer than wide at base, caudal margin slightly convex, without median notch. Sternum 
IX with shallow caudomedial excavation lacking spicules. Gonocoxite with ventral root at least as 
long as dorsal root. Aedeagus (Fig. 129) with a deep, heavily chitinised basal arch with a long 
terminal process; basal arms rounded with a short thorn-like process arising from each shoulders. 
Parameres (Fig. 128) with stout basal arms converging apically, a prominent thumb-like ventral 
lobe arising from outer margin at about midlength; apical section expanded and armed with about 
eight sharp teeth on the inner margin. 
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Immatures. Kettle & Elson (1976) described the larvae and pupae of C. subimmaculatus collected 
from various sites in southeastern Qld. Based on the known distribution of C. subimmaculatus and 
C. reyei, it is almost certain that the specimens examined by Kettle & Elson (1976) actually 
belonged to C. reyei. The immature stages of C. subimmaculatus ss consequently remain unknown. 
 
Distribution. (Fig. 134) coastal estuaries in south-eastern Australia (Vic, NSW north to about Coffs 
Harbour). 
 
Biology. Extensive work on the biology of this species from southern Qld (summarised by 
Debenham 1979) almost certainly refer to C. reyei. Relatively little is known of the biology of C 
subimmaculatus s.s. Reye (1992) reports breeding “in sand with an algal layer close to the surface” 
and label data of the series in ANIC suggest this species feeds on humans and breeds in Salicornia 
marshes. 
 
Remarks. Males and females of this species can be distinguished from those of other members of 
the Molestus group excepting C. reyei by the absence of a distinct wing pattern. Separation of C. 
subimmaculatus and C. reyei is discussed under C. reyei. The distribution of these two species can 
also aid differentiation although they do occur sympatrically in central NSW. 
 
The lack of a reliable means of distinguishing female C. subimmaculatus from female C. reyei casts 
some doubt over the identity of the female holotype of C. subimmaculatus. Lee & Reye (1953) 
described C. subimmaculatus from a long series of female specimens from a wide range of localities 
in Qld and NSW and from a series of males from Coffs Harbour in NSW. The type series comprises 
a female holotype and 26 female paratypes, all from Palm Beach near Sydney, NSW. The holotype 
possesses a single SCo on the 3rd flagellomere of both antennae and a single SCo on the 4th 
flagellomere of the left antenna which is typical of C. subimmaculatus s.s. The male paramere 
illustrated by Lee & Reye (1953) and that of three males examined herein with the same collection 
data as those examined by Lee & Reye (1953), possess a pronounced ventral lobe indicating these 
specimens belong to C. subimmaculatus s.s. Additionally, the known distribution of C. 
subimmaculatus ss and C. reyei, based on records of male specimens, indicates that only C. 
subimmaculatus occurs in the Sydney region. Lee & Reye’s (1953) records of C. subimmaculatus 
from Qld are consequently likely to be referable to C. reyei, as are other published accounts of C. 
subimmaculatus from Qld. Similarly, we have examined the two female specimens from Yorke 
Peninsula, SA, reported as C. subimmaculatus by Lee & Reye (1955), and these are both referable 
to C. roperi. 
 
DNA analyses 
COI barcode sequences from 70 specimens ranging in size from 508 – 646 bp were aligned and 
primer truncated. Partial COI barcode sequences (402 bp) were recovered from two specimens of C. 
mabelae and included in analyses. Insertions, amino acid frame shifts and stop codons were not 
observed among final sequences and their translations, suggesting pseudogenes were absent from 
the alignment. Searches at BOLD and GENBANK of exemplar sequences at each species provided 
no evidence of specimen contamination (closest matches at COI were always within 
Ceratopogonidae) or overlap with other non-target Culicoides species. 
A Neighbor-joining (NJ) distance tree of COI sequences identified among taxonomically 
defined specimens is seen in Fig. 152. NJ tree analysis resolved six strongly supported terminal 
ingroup clades (>94 % bootstrap supports), each exclusive to a single morphologically defined 
species. Sympatric overlap of species occurred between C. reyei and C. molestus in southeastern 
Queensland, and between far northern Queensland populations of C. molestus and C. 
submagnesianus (refer Table 8). There was no evidence of COI haplotype sharing among those 
sympatrically distributed species. Average pair-wise genetic distances between the species ranged 
from 9.57 – 17.63 % (Table 7); maximum distance observed in species (with specimen replication) 
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ranged widely from 0.83 % at C. mindjirri to 6.49 % at C. molestus.  
Strong maternal phylogeographic structuring was present in the distributions of three species 
(C. molestus, C. reyei and C. submagnesianus), apparent by the geographic segregation of 
mitochondrial COI lineages observed in their distributions. This was most pronounced in C. 
molestus, which had three COI clades that differed by an average of 5.03 %, with each clade 
separately distributed to either the northern, central or southern portions of eastern Australia (Fig 
138). Strong phylogeographic structure in C. reyei was evident as a 5.58 % divergence (average) 
between COI lineages present in northwestern Australia from those in eastern Australia (Fig 139). 
Culicoides submagnesianus contained two COI clades separated on average by 3.72 %, one present 
in PNG and the other in far northern Queensland and the Torres Strait (Fig 137). 
 
Discussion.  
Cornet and Chateau (1971) first proposed the Similis group to embrace 16 Afrotropical species 
allied to C. similis Carter et al. In 1989, several changes were proposed for the group. Wirth and 
Hubert (1989) acknowledged the presence of this group in the Oriental and Australasian regions but 
suggested renaming the group after the widespread and well known C. clavipalpis Mukerji. 
Boorman (1989) placed the nominate species, C. similis, and five Middle Eastern species into the 
subgenus Synhelea but Meiswinkel and Dyce (1989), who expanded and somewhat subdivided the 
group to encompass the subgenera Synhelea Keiffer, Diphaomyia Vargas, Haematomyidium Goeldi, 
a part of Oecacta Poey and a number of unplaced species groups including the Clavipalpis and 
Williwilli groups of Wirth and Hubert (1989), did not include C. similis in Synhelea and maintained 
a separation between the Clavipalpis and Similis groups. This broad assemblage of subgenera and 
species groups was subsequently referred to as the Similis supergroup by Nevill and Dyce (1994). 
Glick (1990), apparently unaware of the above proposals, placed several Kenyan species into the 
Similis group, including C. tropicalis Kieffer, the type species of Synhelea. More recently however, 
Borkent (2012) included all of the species placed into Synhelea or the Similis group by these four 
groups of authors, excepting C. herero (Enderlain) and C. onderstepoortensis Fieldler, into 
Synhelea. Additionally, his listing of the Clavipalpis group was confined to species from 
southeastern Asia (sensu Wirth and Hubert 1989) and Australasia (sensu Dyce et al. 2007), thus 
maintaining a separation of the Similis and Clavipalpis groups. The reasons for these reassignments 
were not provided. Within the Australasian biogeographic region, only the Clavipalpis and 
Williwilli groups are currently placed within the Similis supergroup sensu Meiswinkel and Dyce 
(1989). 
Although Meiswinkel & Dyce (1989) discussed in some detail the combination of characters 
that define Synhelea, they did not provide a diagnosis for the Similis supergroup. A definitive 
diagnosis would require revision of species belonging to all groups and subgenera within this 
supergroup. Boorman and Dipeolu (1979) offered the apically flanged and toothed parameres, 
spermathecae with long necks and foot-shaped ventral root of the gonocoxite as common characters 
and to this could be added the absence of SCh on distal flagellomeres of the female as this appears 
to be consistent for at least the species for which this data is available. These characters are shared 
by species of the Molestus group, excepting C. submagnesianus, so it is proposed that the Molestus 
group forms a part of the Similis supergroup. Character states for the Molestus group that separate it 
from other lineages within the Similis supergroup, including the subgenera Synhelea, Diphaomyia, 
Haematomyidium and Oecacta, include the absence of a palpal pit in both sexes, the complete 
segmentation and absence of plume SCh from flagellomeres 9 and 10 in the male and the 
unsclerotised larval head capsule. 
The lack of toothed parameres and sclerotised spermathecal necks in C. submagnesianus 
indicate that this species is the most highly derived member of the Molestus group. It is tentatively 
placed within the Molestus group due to the remaining suite of characters it shares with the group. 
Dyce et al. (2007) tentatively placed C. cancrisocius Macfie into the Molestus group and 
indeed this species does share some affinities with the group. The male paramere is apically flanged 
and toothed, the ventral root of the gonocoxite is foot shaped while the female antenna lacks SCh on 
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distal flagellomeres and the spermathecae have long necks. While this suite of characters would 
warrant its placement into the Similis supergroup sensu Boorman & Dipeolu (1979), C. 
cancrisocius possesses cylindrical 4th tarsal segments and a single well-defined palpal pit in both 
sexes and has flagellomeres 9 and 10 of the male antennae fused and bearing a plume of SCh, none 
of which conform to the present definition of the Molestus group. This species instead conforms 
with Wirth & Hubert’s (1989) definition of the Clavipalpis group and is hereby transferred to that 
group. 
Dyce (2001) suggested that the African species, C. adersi Ingram & Macfie, and the Middle 
Eastern C. mesghalii Navai belonged to the Molestus group. Boorman (1989) also suggested that C. 
adersi and C. mesghalii were probably related but we have been unable to examine specimens of 
either species to confirm this relationship. Based on published descriptions by Khamala and Kettle 
(1971), Navai (1973) and Boorman (1989) both of these species are likely to belong to the Molestus 
group but we are reluctant to place them until specimens, particularly males, are available for study. 
The distribution of species of Synhelea led Meiswinkel & Dyce (1989) to conclude this 
subgenus, and probably the entire Similis supergroup, to be of Gondwanan origin. Similarly, Dyce 
(2001) proposed that the Molestus group was of Gondwanan origin. Present indications are that this 
group is centred in Australia with a single species in southeastern Asia. 
The wide diversity of COI sequences between populations of C. molestus, C. reyei and C. 
submagnesianus was not reflected in their morphology which might otherwise indicate that these 
haplotypes represent distinct species. None of the divergent haplotypes of any of these species were 
sympatric and significant geographical distances separate the populations studied. The status of 
these populations may be clarified by examining more specimens from these localities to see if the 
different haplotypes are sympatric. Additionally, data from populations located geographically 
between the populations tested for example C. reyei from the Gulf of Carpentaria, C. molestus from 
northern NSW and northern Queensland and C. submagnesianus from elsewhere in PNG may 
reveal either sympatry of haplotypes or the existence of intermediate haplotypes. No such strong 
phylogeographic structure was observed in the other species examined although the populations 
tested are not as geographically isolated as they are for C. molestus, C. reyei and C. 
submagnesianus. The presence of widely divergent haplotypes indicates a low level of sharing of 
genetic material possibly due to a low dispersal capacity. 
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FIGURES 1–10. Wings of female Culicoides Molestus group species. 1. C. molestus (Skuse). 2. C. 
mindjirri Bellis & Dyce sp n. 3. C. pseudocordiger Wirth & Hubert.  Dyce & Bellis sp n. 4. C. 
submagnesianus Tokunaga. 5. C. balhorni Bellis & Dyce sp n. 6. C. roperi Bellis & Dyce sp n. 7. 
C. septimus Bellis & Dyce sp n. 8. C. mabelae Bellis & Dyce sp n. 9. C. reyei Bellis & Dyce sp n. 
10. C. subimmaculatus Lee & Reye. 
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FIGURES 11–21. Wings of male Culicoides Molestus group species. 11. C. molestus (Skuse). 12. 
C. mindjirri Bellis & Dyce sp n. 13. C. pseudocordiger Wirth & Hubert.  Dyce & Bellis sp n. 14. 
C. submagnesianus Tokunaga. 15. C. balhorni Bellis & Dyce sp n. 16. C. roperi Bellis & Dyce sp 
n. 17. C. septimus Bellis & Dyce sp n. 18. C. mabelae Bellis & Dyce sp n. 19. C. reyei Bellis & 
Dyce sp n. 20. C. subimmaculatus Lee & Reye. 
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FIGURES 21–28. Female Culicoides molestus (Skuse). 21. Eye separation. 22. Tibial comb. 23. 
Palpus. 24. Antenna. 25. Mandibular teeth. 26. Flagellomere 6. 27. Legs. 28. Spermathecae. 
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FIGURES 29–32. Male Culicoides molestus (Skuse). 29. Hypopygium. 30. Parameres. 31. 
Aedeagus. 32. Antenna. 
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FIGURES 33–41. Female Culicoides mindjirri Bellis & Dyce sp n. 33. Eye separation. 34. Palpus. 
35. Antenna. 36. Mandibular teeth. 37. Tibial comb. 38. Legs. 39. Spermathecae. 
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FIGURES 40–43. Male Culicoides mindjirri Bellis & Dyce sp n. 40. Hypopygium. 41. Parameres. 
42. Aedeagus. 43. Antenna. 
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FIGURES 44–54. Female Culicoides pseudocordiger Wirth & Hubert. 44. Eye separation. 45. 
Palpus. 46. Antenna. 47. Mandibular teeth. 48. Tibial comb. 49. Legs. 50. Spermathecae. 
310
 
FIGURES 51–54. Male Culicoides pseudocordiger Wirth & Hubert. 51. Hypopygium. 52. 
Parameres. 53. Aedeagus. 54. Antenna. 
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FIGURES 55–61. Female Culicoides submagnesianus Tokunaga. 55. Eye separation. 56. Palpus. 
57. Antenna. 58. Mandibular teeth. 59. Tibial comb. 60. Legs. 61. Spermathecae. 
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FIGURES 62–65. Male Culicoides submagnesianus Tokunaga. 62. Hypopygium. 63. Parameres. 
64. Aedeagus. 65. Antenna. 
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FIGURES 66–72. Female Culicoides balhorni Bellis & Dyce sp n. 66. Eye separation. 67. Palpus. 
68. Antenna. 69. Mandibular teeth. 70. Tibial comb. 71. Legs. 72. Spermathecae. 
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FIGURES 73–89. Male Culicoides balhorni Bellis & Dyce sp n. 73. Hypopygium. 74. Parameres. 
75. Aedeagus. 76. Antenna. 
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FIGURES 77–83. Female Culicoides roperi Bellis & Dyce sp n. 77. Eye separation. 78. 
Spermathecae. 79. Palpus. 80. Antenna. 81. Mandibular teeth. 82. Legs. 83.Tibial comb. 
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FIGURES 84–87. Male Culicoides roperi Bellis & Dyce sp n. 84. Hypopygium. 85. Parameres. 86. 
Aedeagus. 87. Antenna. 
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FIGURES 88–94. Female Culicoides septimus Bellis & Dyce sp n. 88. Eye separation. 89. Palpus. 
90. Antenna. 91. Mandibular teeth. 92. Tibial comb. 93. Legs. 94. Spermathecae. 
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FIGURES 95–98. Male Culicoides septimus Bellis & Dyce sp n. 95. Hypopygium. 96. Parameres. 
97. Aedeagus. 98. Antenna. 
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FIGURES 99–105. Female Culicoides mabelae Bellis & Dyce sp n. 99. Eye separation. 100. 
Palpus. 101. Antenna. 102. Mandibular teeth. 103. Tibial comb. 104. Legs. 105. Spermathecae. 
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FIGURES 106–108. Male Culicoides mabelae Bellis & Dyce sp n. 106. Hypopygium. 107. 
Parameres. 108. Aedeagus. 109. Antenna. 
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FIGURES 109–115. Female Culicoides reyei Bellis & Dyce sp n. 109. Eye separation. 110. Palpus. 
111. Antenna. 112. Mandibular teeth. 113. Tibial comb. 114. Legs. 115. Spermathecae. 
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FIGURES 116–119. Male Culicoides reyei Bellis & Dyce sp n. 116. Hypopygium. 117. Parameres. 
118. Aedeagus. 119. Antenna. 
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FIGURES 120–126. Female Culicoides subimmaculatus Lee & Reye. 120. Eye separation. 121. 
Palpus. 122. Antenna. 123. Mandibular teeth. 124. Spermathecae. 125. Tibial comb. 126. Legs. 
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FIGURES 127–130. Male Culicoides subimmaculatus Lee & Reye. 127. Hypopygium. 128. 
Parameres. 129. Aedeagus. 130. Antenna. 
 
 
FIGURES 131–136. Distribution of Culicoides Molestus group species based on the published 
records of Tokunaga (1962), Wirth & Hubert (1989), Debenham (1979) and specimens lodged in 
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ANIC. 131. C. mindjirri Bellis & Dyce sp n. and C. balhorni Bellis & Dyce sp n. 132. C. roperi 
Bellis & Dyce sp n. and C. molestus (Skuse). 133. C. septimus Bellis & Dyce sp n. and C. mabelae 
Bellis & Dyce sp n. 134. C. subimmaculatus Lee & Reye and C. submagnesianus Tokunaga. 135. 
C. reyei Bellis & Dyce sp n. 136. C. pseudocordiger Wirth & Hubert. 
 
 
FIGURE 137. Kimura 2-parameter (K2P) distances (Kimura 1980) among Cytochrome oxidase I 
sequences present among Culicoides Molestus group species and outgroup C. perornatus 
Delfinado, compared as a neighbor-joining (NJ) distance tree (Saitou & Nei 1987). Node supports > 
70 % as indicated and estimated by bootstrapping (10K replicates). Tips collapsed to major clades 
present within each taxonomically identified species. Scale bar represents 0.02 % K2P sequence 
difference. 
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FIGURE 138. Neighbor-joining distance among COI lineages present in the distribution of 
Culicoides molestus (Skuse) (C. molestus clade expanded from Figure 152). Node bootstrap 
supports > 70 % as indicated. Tip labels identify specimen ID (refer Table 8). Regional occurrence 
of samples as indicated by symbols: open circle = northern Queensland, closed circle = central 
Queensland, open triangle = southern Queensland, closed triangle = Central New South Wales. 
Scale bar represents 0.02 % K2P sequence difference. 
 
327
 
FIGURE 139. Neighbor-joining distance among COI lineages present in the distribution of 
Culicoides reyei sp. n. (C. reyei clade expanded from Figure 152). Node bootstrap supports > 70 % 
as indicated. Tip labels identify specimen ID (refer Table 8). Regional occurrence of samples as 
indicated by symbols: closed square = Northern Territory, open circle = northern Queensland, open 
triangle = southern Queensland, closed triangle = Central New South Wales. Scale bar represents 
0.02 % K2P sequence difference. 
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Table 1. Intraspecies and interspecific variation of the distributions and abundance of sensilla on female antennae for species of the Molestus group 
of Culicoides. Mean values are followed by ranges (in parentheses). 
 
 
  antennal flagellomere 
character species 1 2 3 4 5 6 7 8 9 10 11 12 13 
SCo C. balhorni 3 (2-4) 0.16 (0-2) 1.48 (0-2) 1.21 (0-2) 1.83 (1-2) 1.88 (2) 1.83 (1-3) 2.71 (0-3) 0 0 0 0 0 
 
C. subimmaculatus 2.95 (2-3) 0.05 (0-1) 1.2 (1-2) 0.5 (0-1) 1.85 (1-2) 2 (2) 1.9 (1-2) 2.2 (2-3) 0 0 0 0 0 
 
C. molestus 1.88 (1-3) 0 0 0 1.14 (0-2) 2 (2) 2 (2) 2.23 (2-3) 0.03 (0-1) 0 0 0 0 
 
C. mabelae 4.47 (3-7) 1.06 (1-2) 1.13 (1-2) 1 (1) 1.06 (1-2) 1.44 (1-2) 1.13 (1-2) 1.94 (1-2) 1.06 (1-2) 1.13 (1-2) 1.06 (1-2) 1 (1) 0 
 
C. reyei 2.63 (2-3) 0 0.1 (0-1) 0 1 (0-2) 1.45 (0-2) 1.45 (1-2) 1.95 (1-2) 0 0 0 0 0 
 
C. septimus 3.21 (3-4) 0.13 (0-1) 0.69 (0-1) 0 1.06 (1-2) 1.88 (1-2) 1.75 (1-2) 2.06 (1-3) 0 0 0 0 0 
 
C. mindjirri 2.6 (2-3) 0 0 0 0.17 (0-1) 0.5 (0-1) 0.5 (0-1) 0 1 (1) 1 (1) 1 (1) 3.5 (3-5) 0 
 
C. submagnesianus 2 (2) 0 0.11 (0-1) 0 0.83 (0-1) 2 (2) 1.83 (1-2) 1.94 (1-2) 0 0 0 0 0 
 
C. roperi 2.95 (2-3) 0 0 0 0.89 (0-1) 1.47 (1-2) 1.05 (1-2) 1.95 (1-2) 0 0 0 0 0 
 
C. pseudocordiger 3.33 (3-4) 0.2 (0-1) 0.67 (0-1) 0.67 (0-1) 0.83 (0-1) 0.83 (0-1) 1 (1) 0.67 (0-1) 1 (1) 1 (1) 1 (1) 5 (4-6) 0 
STl C. balhorni 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 
C. subimmaculatus 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 
C. molestus 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 
C. mabelae 2 (2) 2.07 (2-3) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 
C. reyei 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 
C. septimus 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 
C. mindjirri 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 
C. submagnesianus 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 
C. roperi 2.05 (2-3) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 1.95 (1-2) - - - - - 
 
C. pseudocordiger 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
STc C. balhorni 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
 
C. subimmaculatus 1.05 (1-2) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
 
C. molestus 1.06 (1-2) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
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C. mabelae 1.07 (1-2) 1 (1) 1 (1) 1 (1) 1.06 (1-2) 1 (1) 1 (1) 1.06 (1-2) - - - - - 
 
C. reyei 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
 
C. septimus 0.81 (0-2) 1 (1) 1 (1) 1.06 (1-2) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
 
C. mindjirri 1 (1) 1 (1) 1.17 (1-2) 1 (1) 1 (1) 1 (1) 1.17 (1-2) 1.17 (1-2) - - - - - 
 
C. submagnesianus 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
 
C. roperi 0.25 (0-1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
 
C. pseudocordiger 
 
2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
SCh C. balhorni 8.62 (7-10) 6.21 (5-7) 4.1 (3-5) 6.25 (6-7) 4.1 (4-5) 6.1 (6-7) 4.05 (4-5) 4.89 (4-6) 0 0 0 0 0 
 
C. subimmaculatus 7.6 (6-10) 5.75 (5-7) 3.95 (3-5) 5.9 (5-6) 4.05 (3-5) 5.85 (5-6) 3.85 (3-4) 4.3 (3-6) 0 0 0 0 0 
 
C. molestus 7.18 (6-8) 5.67 (4-6) 4.11 (4-5) 6 (5-7) 4.11 (4-5) 5.78 (5-6) 3.72 (2-4) 4.61 (4-6) 0 0 0 0 0 
 
C. mabelae 8.08 (7-9) 6.33 (5-7) 4.25 (4-5) 6.31 (6-7) 4.06 (4-5) 6 (5-7) 3.81 (3-4) 4.06 (4-5) 0.06 (0-1) 0 0 0 0 
 
C. reyei 7.06 (6-8) 5.75 (5-7) 3.47 (2-4) 5.74 (4-6) 3.89 (3-4) 5.95 (5-6) 3.9 (2-4) 4.05 (4-5) 0 0 0 0 0 
 
C. septimus 8.38 (8-9) 6.69 (6-8) 6.06 (5-7) 6.13 (5-8) 5.13 (5-6) 6.25 (5-7) 5.25 (4-6) 5.19 (4-7) 0 0 0 0 0 
 
C. mindjirri 6.83 (6-8) 6.67 (6-8) 6.5 (6-7) 5.83 (5-6) 6 (6) 6.33 (6-7) 6.33 (6-7) 4.17 (4-5) 0 0 0 0 0 
 
C. submagnesianus 6.15 (5-7) 5.07 (4-6) 3.5 (3-4) 5.07 (5-6) 3.57 (3-4) 5.43 (5-6) 3.5 (2-5) 3.93 (2-5) 0 0 0 0 0 
 
C. roperi 7.95 (7-9) 6.35 (5-8) 4.21 (3-6) 5.95 (5-7) 4 (3-5) 6.21 (6-7) 4.11 (3-5) 6.42 (5-7) 0 0 0 0 0 
 
C. pseudocordiger 6.5 (6-7) 6 (6) 6.17 (6-7) 6.17 (6-7) 6 (6) 6.17 (6-7) 6 (6) 4.33 (4-6) 0 0 0 0 0 
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Table 2. Intraspecies and interspecific variation of the distributions and abundance of sensilla on male antennae for species of the Molestus group of 
Culicoides. Mean values are followed by ranges (in parentheses). 
 
 
  antennal flagellomere 
character species 1 2 3 4 5 6 7 8 9 10 11 12 13 
SCo C. balhorni 2 (2) 0 0 0 0.14 (0-1) 1.14 (1-2) 0.86 (0-1) 2 (2) 1 (1) 1 (1) 0 0 0 
 
C. subimmaculatus 2 (2) 0 0 0 0 1.56 (1-3) 0.44 (0-1) 1.81 (0-2) 1 (1) 0.88 (0-1) 0 0 0 
 
C. molestus 1 (1) 0.05 (0-1) 0 0 0 1 (1) 0 0.95 (0-1) 1.95 (1-2) 1.75 (1-2) 0 0 0 
 
C. mabelae 2 (2) 0 0 0 0 1 (1) 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0 
 
C. reyei 2.06 (2-3) 0 0 0 0 1.06 (1-2) 0 1.56 (1-2) 1 (1) 0.83 (0-1) 0 0 0 
 
C. septimus 2.17 (2-3) 0 0 0 0 1 (1) 0 1.33 (1-2) 1 (1) 1 (1) 0.67 (0-1) 0.67 (0-1) 0.17 (0-1) 
 
C. mindjirri 1.86 (1-2) 0.17 (0-1) 0 0 0 0 0 0 0 0 1 (1) 4 (4) 0 
 
C. submagnesianus 1.5 (1-2) 0 0 0 0 1 (1) 0 1.67 (1-2) 1 (1) 1 (1) 0 0 0 
 
C. roperi 2 (2) 0 0 0 0 1 (1) 0 1 (1) 1 (1) 1 (1) 0 0 0 
 
C. pseudocordiger 2 (2) 0 0 0 0 0 0 0 1 (1) 1 (1) 1 (1) 5 (5) 0 
STl C. balhorni 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0 0 0 - - - 
 
C. subimmaculatus 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0 0 0 - - - 
 
C. molestus 2.05 (2-3) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0 0 0 - - - 
 
C. mabelae 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0 1 (0-2) 3 (2-4) - - - 
 
C. reyei 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0.06 (0-1) 1 (1) 0 0 0 - - - 
 
C. septimus 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0 0.33 (0-1) 1.33 (0-4) - - - 
 
C. mindjirri 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 0 0 0 0.33 (0-1) - - - 
 
C. submagnesianus 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0 0 0 - - - 
 
C. roperi 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 1 (1) 0 0 0 - - - 
 
C. pseudocordiger 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 0 0 0 0 0 - - - 
STc C. balhorni 0.15 (0-1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0.82 (0-1) 0.82 (0-1) 0 0 - - - 
 
C. subimmaculatus 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0 0 - - - 
 
C. molestus 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0 0 - - - 
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C. mabelae 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0.67 (0-1) 0 0 - - - 
 
C. reyei 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0.88 (0-1) 0 0 - - - 
 
C. septimus 0.2 (0-1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0.33 (0-1) 0.33 (0-1) - - - 
 
C. mindjirri 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0 0 - - - 
 
C. submagnesianus 
 
1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0.6 (0-1) 0 0 - - - 
 
C. roperi 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0 0 - - - 
 
C. pseudocordiger 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0 0 - - - 
SCh C. balhorni 5.08 (4-6) - - - - - - - - - 4 (4) 1 (1) 0 
 
C. subimmaculatus 4.75 (4-5) - - - - - - - - - 4 (4) 1 (1) 0 
 
C. molestus 4.65 (4-5) - - - - - - - - - 4 (4) 1.05 (1-2) 0 
 
C. mabelae 
 
- - - - - - - - - 4 (4) 1 (1) 0 
 
C. reyei 4.85 (4-5) - - - - - - - - - 3.94 (3-5) 1 (1) 0 
 
C. septimus 4.8 (4-5) - - - - - - - - - 3.67 (3-4) 1 (1) 0 
 
C. mindjirri 5.17 (4-6) - - - - - - - - - 4 (4) 1 (1) 0 
 
C. submagnesianus 4.2 (4-5) - - - - - - - - - 4 (4) 1 (1) 0 
 
C. roperi 5 (5) - - - - - - - - - 4 (4) 3 (3) 0 
 
C. pseudocordiger 4 (4) - - - - - - - - - 3.5 (3-4) 1 (1) 0 
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Table 3. Intraspecies and interspecific variation of some numerical head and thoracic characters of female specimens of the Molestus group of 
Culicoides. 
 
species Wing Length 
(mm) 
Wing L/W ratio Costal Ratio Antennal Ratio Palpal Ratio Palp 
lengths 
P/H Ratio teeth Tarsal ratio Tibial comb 
C. balhorni 1.26 
(1.18-1.34, n=26) 
2.10 
(2.04-2.15, n=9) 
0.60 
(0.59-0.61, n=10) 
1.16 
(1.07-1.23, n=10) 
2.47 
(2.27-2.77, n=10) 
82:30:37 
(n=6) 
0.83 
(0.8-0.87, n=10) 
15.33 
(13-17, n=18) 
1.84 
(1.75-2, n=26) 
4 
(4, n=19) 
C. subimmaculatus 1.11 
(1-1.34, n=10) 
2.09 
(2-2.17, n=10) 
0.61 
(0.59-0.63, n=10) 
1.10 
(1.05-1.14, n=10) 
2.50 
(2.25-2.67, n=11) 
72:29:35 
(n=6) 
0.84 
(0.79-0.9, n=8) 
14.33 
(13-16, n=18) 
1.94 
(1.8-2.17, n=9) 
4.06 
(4-5, n=16) 
C. molestus 0.87 
(0.81-0.93, n=7) 
2.08 
(1.98-2.14, n=7) 
0.64 
(0.63-0.67, n=7) 
1.00 
(0.94-1.07, n=11) 
2.49 
(2.32-2.79, n=9) 
67:26:30 
(n=3) 
0.87 
(0.84-0.94, n=9) 
16.13 
(14-18, n=16) 
1.84 
(1.77-1.95, n=8) 
3.94 
(3-4, n=16) 
C. mabelae 1.09 
(0.83-1.22, n=9) 
2.02 
(1.64-2.12, n=9) 
0.61 
(0.59-0.65, n=9) 
1.08 
(0.98-1.14, n=10) 
2.14 
(2-2.42, n=10) 
60:24:21 
(n=4) 
0.66 
(0.61-0.71, n=10) 
13.31 
(12-15, n=16) 
1.95 
(1.8-2.14, n=10) 
6.6 
(6-8, n=20) 
C. reyei 0.90 
(0.78-1.07, n=10) 
2.13 
(2.06-2.21, n=10) 
0.62 
(0.6-0.65, n=10) 
1.10 
(1.01-1.22, n=12) 
2.15 
(1.96-2.32, n=5) 
62:26:33 
(n=4) 
0.69 
(0.67-0.72, n=4) 
10.89 
(9-13, n=18) 
1.96 
(1.75-2.13, n=11) 
3.95 
(3-4, n=20) 
C. septimus 1.35 
(1.16-1.52, n=8) 
2.21 
(2.17-2.23, n=7) 
0.63 
(0.62-0.65, n=8) 
0.97 
(0.86-1.01, n=9) 
2.23 
(1.71-2.67, n=8) 
61:26:40 
(n=3) 
0.72 
(0.64-0.96, n=8) 
13.2 
(12-16, n=15) 
1.61 
(1.44-1.72, n=6) 
6.87 
(6-7, n=15) 
C. mindjirri 0.87 
(0.83-0.96, n=4) 
2.02 
(1.93-2.16, n=4) 
0.62 
(0.61-0.62, n=4) 
1.06 
(1.05-1.08, n=3) 
1.82 
(1.73-1.92, n=3) 
51:25:32 
(n=3) 
0.56 
(0.53-0.63, n=3) 
9.6 
(8-10, n=5) 
1.88 
(1.85-1.93, n=3) 
6 
(6, n=5) 
C. submagnesianus 0.85 
(0.79-0.95, n=7) 
2.06 
(1.72-2.18, n=7) 
0.61 
(0.6-0.63, n=10) 
0.98 
(0.92-1.06, n=13) 
2.17 
(2.1-2.28, n=5) 
49:26:32 
(n=4) 
0.60 
(0.55-0.73, n=11) 
11.43 
(9-13, n=14) 
1.93 
(1.47-2.29, n=6) 
4.93 
(4-5, n=14) 
C. roperi 1.19 
(1.08-1.32, n=9) 
2.28 
(2.2-2.34, n=9) 
0.60 
(0.58-0.62, n=9) 
0.95 
(0.89-0.99, n=13) 
2.09 
(1.92-2.27, n=7) 
66:29:36 
(n=6) 
0.74 
(0.69-0.79, n=5) 
12.65 
(9-13, n=20) 
1.71 
(1.59-1.83, n=6) 
4.05 
(4-5, n=19) 
C. pseudocordiger 0.86 
(0.83-0.88, n=3) 
1.94 
(1.85-2.03, n=3) 
0.60 
(0.59-0.61, n=4) 
1.14 
(1.04, n=1) 
1.6 (n=1) 23:10:13 
(n=1) 
0.6 (n=1) 12 
(10-14, n=8) 
1.92 
(1.87-2, n=3) 
6.25 
(6-7, n=4) 
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Table 4. Intraspecies and interspecific variation of some numerical abdominal characters of female specimens of the Molestus group of Culicoides 
species. All measurements given are in µm. 
species Spermathcae I Spermatheca II necks vestigial spermatheca ring length ring width proximal ring width distal 
C. balhorni 46.52 x 34.42 41.42 x 24.76 10.35 (7.47-14.94, n = 11) 21.01 (17.43-29.88, n = 6) 9.34 (4.98-14.94, n = 6) 11.04 (9.96-13.94, n = 6) 7.06 (4.98-8.72, n = 6) 
C. subimmaculatus 33.31 x 28.15 26.53 x 24.7 6.97 (0.01-9.96, n = 10) 15.36 (0-27.39, n = 6) 9.25 (7.47-9.96, n = 7) 10.14 (8.72-11.21, n = 7) 7.65 (6.23-9.96, n = 7) 
C. molestus 42.84 x 28 37.32 x 32.22 7.37 (4.98-9.96, n = 13) 21.47 (11.21-24.9, n = 8) 4.57 (2.49-7.47, n = 6) 8.51 (7.47-9.96, n = 6) 6.64 (4.98-7.47, n = 6) 
C. mabelae 53.21 x 35.42 46.71 x 33.97 10.64 (7.47-13.7, n = 18) 30.70 (27.39-37.35, n = 9) 11.38 (7.47-12.45, n = 7) 9.25 (7.47-9.96, n = 7) 7.65 (6.23-9.96, n = 7) 
C. reyei 61.97 x 48.14 34.7 x 28.01 10.03 (4.98-49.8, n = 17) 42.15 (24.9-124.5, n = 7) 7.58 (4.98-12.45, n = 9) 8.83 (6-11.21, n = 9) 7.2 (5-9.96, n = 9) 
C. septimus 46.82 x 30.79 42.96 x 29.24 7.71 (2.59-12.45, n = 11) 22.08 (12.95-29.88, n = 6) 10.84 (7.47-12.45, n = 6) 11.5 (9.96-13.7, n = 6) 7.43 (6-9.96, n = 6) 
C. mindjirri 41.5 x 29.47 40.67 x 30.5 7.06 (4.98-9.96, n = 6) 20.75 (14.94-27.39, n = 3) 7.47 (7.47, n = 2) 8.47 (0.5-12.45, n = 3) 10.38 (6.23-12.45, n = 3) 
C. submagnesianus 38.95 x 28.1 36.99 x 26.86 0.38 (0-2.49, n = 13) 16.60 (12.45-22.41, n = 6) 5.51 (3.74-7.47, n = 7) 7.65 (7.47-8.72, n = 7) 6.05 (4.98-7.47, n = 7) 
C. roperi 43.16 x 31.68 38.04 x 30.02 5.95 (2.49-9.96, n = 18) 26.70 (22.41-29.88, n = 9) 10.12 (7.47-17.43, n = 8) 12.61 (9.96-16.19, n = 8) 8.56 (7.47-9.96, n = 8) 
C. pseudocordiger 49 x 36 49 x 36 4.67 (3.74-4.98, n = 4) 11.21 (9.96-12.45, n = 2) 8.3 (4.98-11.21, n = 3) 10.79 (9.96-12.45, n = 3) 7.06 (6.23-8.72, n = 3) 
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Table 5. Intraspecies and interspecific variation of some numerical characters of male specimens of the Molestus group of Culicoides 
 
Species Wing Length (mm) Wing L/W ratio Antennal Ratio Palpal Ratio tibial comb 
C. balhorni 1.10 (0.98-1.16, n = 6) 2.52 (2.45-2.57, n = 6) 0.79 (0.65-1.58, n = 8) 2.22 (2.05-2.56, n = 6) 4.17 (4-5, n = 6) 
C. subimmaculatus 1.08 (0.92-1.22, n = 8) 2.48 (1.72-2.63, n = 8) 0.64 (0.61-0.67, n = 6) 2.51 (2.25-2.78, n = 6) 4 (4, n = 8) 
C. molestus 0.84 (0.75-1.04, n = 10) 2.49 (2.4-2.6, n = 11) 0.55 (0.52-0.62, n = 10) 2.36 (2.13-2.59, n = 10) 4.05 (4-4.5, n = 10) 
C. mabelae 1.00 (0.9-1.1, n = 3) 2.36 (2.29-2.41, n = 3) 0.65 (0.64-0.67, n = 2) 1.86 (1.73-1.95, n = 4) 6.13 (6-6.5, n = 4) 
C. reyei 0.96 (0.81-1.13, n = 7) 2.59 (2.43-2.66, n = 7) 0.63 (0.58-0.69, n = 10) 2.14 (1.93-2.67, n = 8) 4 (4, n = 9) 
C. septimus 1.15 (1.01-1.25, n = 4) 2.46 (2.35-2.68, n = 3) 0.61 (0.54-0.66, n = 3) 2.35 (2.05-2.8, n = 4) 6.38 (6-7, n = 4) 
C. mindjirri 0.77 (0.71-0.82, n = 7) 2.30 (2.25-2.34, n = 7) 0.60 (0.56-0.64, n = 5) 2.06 (1.78-2.53, n = 7) 6.07 (6-6.5, n = 7) 
C. submagnesianus 0.82 (0.79-0.87, n = 8) 2.53 (2.45-2.7, n = 8) 0.57 (0.52-0.62, n = 3) 2.09 (1.93-2.4, n = 11) 5.38 (4-6, n = 8) 
C. roperi 1.05 (1.05, n = 1) 2.84 (2.84, n = 1) 0.54 (0.54, n = 1) 1.41 (1.41, n = 1) 4 (4, n = 1) 
C. pseudocordiger 0.71 (0.71, n = 1) 2.06 (2.06, n = 1) 0.66 (0.66, n = 1) 1.30 (1.30, n = 1) 5 (5, n = 1) 
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Table 6. Primers used for amplification of partial mitochondrial Cytochrome oxidase I 
(COI). Degenerate bases in lowercase.  
 Primer Sequence (5’ – 3’) Target  Primer source 
 BC1culicF TCwACwAAyCAyAAArwTATTGG COI 1 
 JerR2 CCAAArAATCArAAyArrTGTTG COI 1 
 Scar1aF AAyGTnATyGTnACwGChCAyGC COI 3 
Refer to Methods for primer combinations used and PCR conditions.  
Seventeen base pair M13 primer tails (forward and reverse) were attached to 5’ primer 
ends according to their anneal direction, to facilitate sequencing.  
Primer source: (1) adapted by this project from Simon et al. (1994); (2) designed by this 
project. 
 
Table 7. Matrix of average pairwise COI sequence distances (proportional) between 
species, and maximum observed distances within species (bold highlighted).  Distance 
measures estimated assuming uniform rates of evolution among nucleotide sites and 
using a pairwise deletion option to compensate for missing nucleotide sites.  
 
        
 Species 1 2 3 4 5 6 
 [1] C. mabelae 0.0148      
 [2] C. molestus 0.1442 0.0649     
 [3] C. submagnesianus 0.1492 0.1369 0.0419    
 [4] C. reyei 0.1405 0.1222 0.0957 0.0619   
 [5] C. mindjirri 0.1763 0.1586 0.1612 0.1406 0.0093  
 [6] C. balhorni 0.1416 0.1324 0.1028 0.0849 0.1533 N/A 
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Table 8. Collection data for voucher Culicoides specimens used in genetic analyses. 
 
Sample species Sex Collectors Collection Date Country State Exact Site Latitude Longitude 
ww09417 C. balhorni female 
J-B.Duchemin 
& D. Boyle 
25-Feb-2012 Australia Vic Woodside -38.552 146.939 
ww06347 C. molestus female M.Shivas 12-Oct-2008 Australia Qld Boondall wetlands, Boondall -27.35 153.07 
ww06348 C. molestus female M.Shivas 12-Oct-2008 Australia Qld Boondall wetlands, Boondall -27.35 153.07 
ww15072 C. molestus female D & N. Bellis 01-Sep-2002 Australia Qld Calliope River -24 151.2 
ww15073 C. molestus female D & N. Bellis 01-Sep-2002 Australia Qld Calliope River -24 151.2 
ww15074 C. molestus female D & N. Bellis 01-Sep-2002 Australia Qld Calliope River -24 151.2 
ww15075 C. molestus female D & N. Bellis 01-Sep-2002 Australia Qld Calliope River -24 151.2 
ww15483 C. molestus female G. Lee 14-Jan-2012 Australia NSW Winda Wopper via Hawk's Nest -32.6669 152.1594 
ww15484 C. molestus female G. Lee 14-Jan-2012 Australia NSW Winda Wopper via Hawk's Nest -32.6669 152.1594 
ww15485 C. molestus female G. Lee 14-Jan-2012 Australia NSW Winda Wopper via Hawk's Nest -32.6669 152.1594 
ww15488 C. molestus female G. Lee 14-Jan-2012 Australia NSW Winda Wopper via Hawk's Nest -32.6669 152.1594 
ww15490 C. molestus female G. Lee 14-Jan-2012 Australia NSW Winda Wopper via Hawk's Nest -32.6669 152.1594 
ww15496 C. molestus female G.Bellis 11-Jan-2012 Australia Qld Gold Coast, Elanora Lake -28.133 153.45 
ww08798 C. mindjirri female G.Bellis 21-Jun-2002 Australia NT Cobourg Peninsula, Caiman Ck. -11.2667 132.23333 
ww09425 C. mindjirri female G.Bellis 17-May-2010 Australia NT Rocky Bay Ck mouth -12.267 136.9 
ww09422 C. mabelae female M.Shivas 25-Nov-2009 Australia Qld Brackenridge -27.3167 153.033 
ww09424 C. mabelae female M.Shivas 03-Nov-2010 Australia Qld Lota -27.467 153.183 
ww06351 C. reyei female M. Shivas 12-Oct-2008 Australia Qld Boondall wetlands, Boondall -27.35 153.07 
ww06352 C. reyei female M. Shivas 12-Oct-2008 Australia Qld Boondall wetlands, Boondall -27.35 153.07 
ww06353 C. reyei female M. Shivas 12-Oct-2008 Australia Qld Boondall wetlands, Boondall -27.35 153.07 
ww08739 C. reyei female M.Shivas 18-Nov-2009 Australia NSW Brunswick heads -28.51667 153.55 
ww08740 C. reyei female M.Shivas 18-Nov-2009 Australia NSW Brunswick heads -28.51667 153.55 
ww08741 C. reyei female M.Shivas 18-Nov-2009 Australia NSW Brunswick heads -28.51667 153.55 
ww08742 C. reyei female M.Shivas 18-Nov-2009 Australia NSW Brunswick heads -28.51667 153.55 
ww08743 C. reyei female M.Shivas 18-Nov-2009 Australia NSW Brunswick heads -28.51667 153.55 
ww012217 C. reyei female M. Shivas 12-Oct-2008 Australia Qld Boondall wetlands, Boondall -27.35 153.07 
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ww15093 C. reyei female J.Webb 28-Sep-2009 Australia NT Port Keats -14.2333 129.5167 
ww15486 C. reyei female G.Bellis 14-Jan-2012 Australia NSW Winda Wopper via Hawk's Nest -32.6669 152.1594 
ww15491 C. reyei female G. Lee 14-Jan-2012 Australia NSW Winda Wopper via Hawk's Nest -32.6669 152.1594 
ww15492 C. reyei female G. Lee 14-Jan-2012 Australia NSW Winda Wopper via Hawk's Nest -32.6669 152.1594 
ww15493 C. reyei female G. Lee 14-Jan-2012 Australia NSW Winda Wopper via Hawk's Nest -32.6669 152.1594 
ww15494 C. reyei female G. Lee 14-Jan-2012 Australia NSW Winda Wopper via Hawk's Nest -32.6669 152.1594 
ww15502 C. reyei female G.Bellis 11-Jan-2012 Australia Qld Gold Coast, Elanora Lake -28.133 153.45 
ww15503 C. reyei female G.Bellis 11-Jan-2012 Australia Qld Gold Coast, Elanora Lake -28.133 153.45 
ww15504 C. reyei female G.Bellis 11-Jan-2012 Australia Qld Gold Coast, Elanora Lake -28.133 153.45 
ww15505 C. reyei female G.Bellis 11-Jan-2012 Australia Qld Gold Coast, Elanora Lake -28.133 153.45 
ww15506 C. reyei female G.Bellis 11-Jan-2012 Australia Qld Gold Coast, Elanora Lake -28.133 153.45 
ww15507 C. reyei female G.Bellis 14-Jan-2012 Australia NSW Winda Wopper via Hawk's nest -32.6669 152.1594 
ww05466 C. submagnesianus female R. Stephen May/June 2009 Australia Qld Ugar Is, Torres Strait -9.5 143.53333 
ww05467 C. submagnesianus male R. Stephen May/June 2009 Australia Qld Ugar Is, Torres Strait -9.5 143.53333 
ww05468 C. submagnesianus female R. Stephen May/June 2009 Australia Qld Ugar Is, Torres Strait -9.5 143.53333 
ww05471 C. submagnesianus female J. Bond 26-Feb-2009 Australia Qld Bamaga -10.85 142.41667 
ww08738 C. submagnesianus female A.Postle 06-Mar-2008 Australia Qld Nagi Island -10.25 142.48333 
ww08768 C. submagnesianus male  R. Stephen May/June 2009 Australia Qld Ugar Is, Torres Strait -9.5 143.53333 
ww08769 C. submagnesianus male  R. Stephen May/June 2009 Australia Qld Ugar Is, Torres Strait -9.5 143.53333 
ww08771 C. submagnesianus male  R. Stephen May/June 2009 Australia Qld Ugar Is, Torres Strait -9.5 143.53333 
ww08773 C. submagnesianus male  R. Stephen May/June 2009 Australia Qld Ugar Is, Torres Strait -9.5 143.53333 
ww08774 C. submagnesianus male  R. Stephen May/June 2009 Australia Qld Ugar Is, Torres Strait -9.5 143.53333 
ww08775 C. submagnesianus male  R. Stephen 29-Jun-2009 Australia Qld Darnley Is -9.583333 143.75 
ww15346 C. submagnesianus female L.Halling 27-Nov-2009 Papua New Guinea Baba -10.3147 150.38232 
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 Chapter 9. Revision of the Imicola complex of Culicoides subgenus Avaritia Fox (Diptera: 
Ceratopogonidae) from the Australasian region with description of a new species. 
 
This chapter contributes to aims 2 and 3 of the thesis. Candidate Glenn Bellis contributed 70% to 
the research, 20% to the design and interpretation of the molecular analysis and 80% to the 
writing and editing. Author Alan Dyce contributed 30% to the research and 5% to the 
writing and editing. Author David Gopurenko contributed 50% to the design and 
interpretation of the molecular analysis and 10% to the writing and editing. Author Andrew 
Mitchell contributed 30% to the design and interpretation of the molecular analysis and 5% 
to the writing and editing. 
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Running title: Revision of the Culicoides (Avaritia) Imicola complex 
 
Abstract: The monophyly of the Imicola complex, a natural species complex within subgenus C. 
subgen. Avaritia Fox of the biting midge genus Culicoides Latreille, is supported using 
morphological and molecular analyses. A diagnosis for the group along with comparative 
redescriptions of the male and female of the species represented in Australasia, C. brevitarsis 
Kieffer and C nudipalpis Delfinado and a description of C. asiatica Bellis sp nov., are presented 
together with keys for their specific determination and molecular support for their status. 
 
Key words: Biting midges, taxonomy. 
 
Introduction 
Several species belonging to Culicoides subgen. Avaritia Fox are of considerable veterinary 
importance as vectors of important arboviruses (Wirth and Dyce 1985; Meiswinkel et al. 2004b). 
There are varied opinions about the status of C. subgen. Avaritia. Yu et al. (2005) recently adopted 
a relatively broad definition of the group to include a number of species previously placed by Wirth 
& Hubert (1989) into a variety of other subgeneric groupings. Dyce et al. (2007) subsequently 
removed the species represented in Australasia back into the groupings proposed by Wirth & 
Hubert (1989) but the remainder are still placed within C. subgen. Avaritia (Borkent 2012). 
Meiswinkel et al. (2004a) suggested that a total of about 70 species belong to C. subgen. Avaritia 
sensu Wirth & Hubert (1989) and placed these into nine species complexes, namely the Imicola, 
Obsoletus, Orientalis, Grahamii (= Actoni sensu Dyce et al. 2007), Pusillus, Suzukii (= Boophagus 
sensu Dyce et al. 2007), Gulbenkiani, Chiopterus and Dewulfi complexes. To these Dyce et al. 
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 (2007) added the Jacobsoni complex bringing the total to ten complexes within the subgenus. Of 
these, the complex containing the greatest number of economically important species is the Imicola 
complex. 
Meiswinkel (2004) provided a synopsis of this exclusively Old World complex offering a 
differential diagnosis between the Imicola and Orientalis Complexes and a list of the nine described 
species belonging to the complex, only two of which occur within Australasia. Dyce et al. (2007) 
subsequently placed four species present in Australasia, namely Culicoides brevipalpis Delfinado, 
C. brevitarsis Kieffer C. nudipalpis Delfinado and an undescribed species, into the Imicola 
complex. 
In common with other subgeneric groupings within the genus Culicoides, there have been no 
attempts to test the monophyly of the Imicola complex. Borkent and Grogan (2009) noted that no 
phylogenetic analyses based on morphological comparison with outgroups have ever been 
conducted for any subgeneric groupings in Culicoides and molecular studies reported thus far have 
concentrated on relationships between species within complexes rather than testing the monophyly 
of the group as a whole (Sebastiani et al. 2001; Linton et al. 2002; Dallas et al. 2003; Meiswinkel & 
Linton 2003; Gomulski et al. 2005, 2006; Pagés et al. 2009). 
Attempts to revise the taxonomy of Australasian and Oriental species of C. subgen. Avaritia 
are hampered by the loss of the holotype specimens of many species (see Wirth & Hubert 1989) and 
the existance of multiple species in type series that are available for study (Dyce 1979; 1980; Dyce 
and Wirth 1983). Additionally, molecular techniques applied to the faunas of other regions are 
revealing the existance of cryptic species and the need to resurrect other species from synonymy 
(Meiswinkel et al 2004b; Gomulski et al. 2006; Pagés et al. 2009). Consequently, the status of 
widespread species such as C. brevitarsis and its junior synonyms C. radicitus Delfinado from the 
Philippines and C. superfulvus Das Gupta from India require reassessment. 
This paper provides evidence for the monophyly of the Imicola complex and revises the 
three species represented in Australasia. A description of adult C. asiatica Bellis sp n. and 
redescriptions of adult C. brevitarsis and C. nudipalpis and keys for the separation are provided 
along with a revised diagnosis for the complex. Finally, the paper provides morphological and 
molecular evidence indicating the exclusion of C. brevipalpis from the Imicola complex. 
 
Methods and Materials: 
Morphology 
This study is based on slide–mounted specimens lodged in the Australian National Insect 
Collection, Canberra, ACT, Australia (ANIC) and in the Northern Territory Quarantine Insect 
Collection in Darwin, NT, Australia (NTQIC). 
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 The descriptive format for adults used herein follows that of Bellis & Dyce (2011). The 
wing length:width ratio is the ratio of wing length to maximum width measured perpendicular to the 
costa at the level of the distal margin of the second radial cell. Terms for antennal sensilla follow 
Wirth & Navai (1978) with the following abbreviations: SCo, sensilla coeloconica; STl, long, 
blunt–tipped sensilla trichodea; STc, short, blunt–tipped sensilla trichodea; and SCh, sensilla 
chaetica. Flagellomeres are numbered in text and tables from base to apex in Arabic numerals. SCo 
and STl distributions are given as numbers representing the flagellomere on which the respective 
sensilla occur; where sensilla are both present or absent on a given flagellomere, the relevant 
flagellomere number is bracketed. SCh distributions do not include the terminal SCh on 
flagellomere 13 which is present in all species. The peg of the aedeagus is the anterior projection of 
the distal process that projects anteriorly into the aedeagus (Meiswinkel 2004). 
Species descriptions are accompanied by tables of antennal data (Table 1 for female data, 
Table 2 for male data) and numerical data (Tables 3 and 4 for female and Table 5 for male data). 
Political regions are abbreviated as: Qld for Queensland, NSW for New South Wales, Vic 
for Victoria and PNG for Papua New Guinea. For the purposes of this paper, New Guinea includes 
Papua New Guinea plus outlying islands together with the Indonesian provinces of Papua and Irian 
Jaya Barat. 
 
DNA barcoding and genetic analyses 
Independent evidence of the specific status of eight of the nine described species and an additional 
undescribed species (C. “kwagga“ Meiswinkel 1985 unpublished MSc thesis) belonging to the 
Imicola complex sensu Meiswinkel (2004) was obtained by sequencing portions of the 
mitochondrial cytochrome oxidase I (COI) gene, the “DNA barcode region” (Hebert et al. 2003), 
and the nuclear gene carbomoylphosphate synthetase (CAD, “region 4” of Moulton & Wiegmann 
2004). The COI sequence for an additional ingroup species (C. pseudopallidipennis Clastrier) 
available at GenBank (accession # AY286329) and reported by Meiswinkel and Linton (2003) was 
used in COI analyses. 
Specimens were collected from various locations across their range to explore the genetic 
diversity present in geographically separate populations. Where possible, specimens of both sexes 
were included in analyses to confirm the association between male and female specimens. All 
specimens used in genetic analyses were catalogued with unique specimen ID’s (Table 7) and 
stored at NTQIC. Three specimens of C. brevipalpis and a single specimen of C. orientalis Macfie, 
C. dewulfi Goetghebuer, C. chiopterus (Meigen), C. wadai Kitaoka, C. jacobsoni Macfie, C. 
gulbenkiani Caeiro, C. hui Wirth & Hubert and C. actoni Smith were included as outgroup 
representatives of eight of the ten recognized complexes within C. subg. Avaritia. Corresponding 
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 specimen collection data and DNA sequences are publically available at the Barcode of Life Data 
Systems (BOLD) (www.boldsystems.org; (Ratnasingham & Hebert 2007)) under the project 
“Culicoides imicola” (CUIMI); all DNA sequences are also available in GenBank (Table 7). 
DNA extraction and specimen processing was conducted following the procedures outlined 
by Bellis et al. (in press). Phylogenetic inferences of the sequence data were conducted using 
Maximum Likelihood (ML) and Bayesian phylogenetic (BP) analyses at each gene separately and 
at a concatenated alignment of the two genes. ML analyses were run using MEGA version 5 
(Tamura et al. 2011) incorporating best fit models of sequence evolution determined using the 
Akaike Information Criterion implemented in MEGA version 5 and employing 1000 bootstrap 
replications (Felsenstein 1985) to determine node reliabilities. BP analyses were run using MrBayes 
ver. 3.1.1 (Ronquist and Huelsenbeck 2003), in all cases running ten million tree generations, 
sampling every 1000th and discarding empirically determined burn-in trees before constructing a 
50% majority rule consensus tree reporting clade credibility statistics. Sequences were partitioned 
by codon position (1, 2 & 3) and separate nucleotide substitution model parameters were 
approximated and used in BP analyses at each codon position. Summary sequence statistics 
(uncorrected percent sequence distances) were generated using MEGA version 5; missing 
nucleotides were treated in sequence comparisons using a pairwise deletion option. 
 
Results 
DNA analyses 
COI ‘barcode’ sequences of 47 specimens (including outgroup and ingroup specimens) were 
aligned and end truncated to a maximum length of 646 bp. The COI sequence of C. 
pseudopallidipennis derived from GenBank overlapped the alignment at 468 bp. Indels, frame shifts 
and stop codons were not observed among COI sequences and their translations, suggesting absence 
of pseudogenes in the alignment. CAD sequences of 45 specimens were aligned/truncated to a total 
694 bp. Stop codons and indels were absent among CAD sequences and a three base pair frame 
shift translating as an amino acid insertion was present in C. orientalis but absent from all other 
species. A concatenated COI & CAD alignment was available for 44 specimens and included 
representatives of all outgroups and ingroup species excluding C. pseudopallidipennis. 
The optimal models of nucleotide evolution inferred at each gene and used in ML analyses 
are reported in Table 8. All phylogenies placed the Imicola complex as a monophyletic clade 
separate from all other species belonging to C. subg. Avaritia, however levels of support for the 
monophyly of this group varied among the analyses (Fig.47-49). Optimal support (100% posterior 
clade credibility) for monophyly of the Imicola group was inferred from the concatenated alignment 
using BP analysis (Figure 46). In all phylogenies, the position of C. brevipalpis was external to the 
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 Imicola group and was either unresolved or poorly supported as a sister to the outgroup species C. 
hui, or C. dewulfi. Supports for species relationships within the Imicola complex ingroup also 
varied among estimated phylogenies, however all equally supported the presence of a minimum of 
eight species in accord with that delimited by morphology and nine species at COI (Fig. 46-49) with 
the addition of the C. pseudopallidipennis sequence from GenBank. The highest level of sequence 
difference among specimens within a species (3.72 %) was observed in C. brevitarsis at COI, 
separating a monophyletic lineage in China from all lineages in Australasia. The Chinese specimens 
were also monophyletic at CAD, but were nested as a clade among other C. brevitarsis genotypes 
(Fig 49). 
All phylogenies strongly supported a sister species relationship between C. asiatica and C. 
brevitarsis, and moderate to strong support for a sister species relationship between C. bolitinos 
Meiswinkel and C. tuttifrutti. No other relationship within the ingroup was congruently supported 
among all phylogenies, however the BP and ML phylogenies estimated from the concatenated 
alignment equally identified two clades with shared inclusive species (figs 46 & 47) with varied 
levels of support for these relationships. The relative position of C. loxodontis Meiswinkel in the 
Imicola complex was inconsistent among analyses. 
 
Taxonomy 
Culicoides subgen. Avaritia Fox, 1955: 218. 
Type species Ceratopogon obsoletus Meigen, by original designation. 
 
Imicola Complex Khamala & Kettle 1971:8. 
Nominate species: Culicoides imicola Kieffer 1913: 11. 
 
Diagnosis (modified from Meiswinkel 2004) 
Adults: Males: The only species grouping within C. subg. Avaritia with an asymmetrical apex to 
the anterior ‘peg’ of the aedeagus and with a single STl on antennal flagellomeres 5-7 coupled with 
an absence of STl on flagellomere 8. 
Description 
Adults: Eyes bare. Palpus with five segments, each supporting SCh, segment 3 slightly 
swollen medially with a round, shallow pit (sensory area reduced to a depression in most specimens 
of C. nudipalpis). Wing relatively strongly patterned. Mesonotum inconspicuously patterned, legs 
weakly banded, hind tibial comb with five spines, first from spur longest. Wing with cells r1 and r2 
subequal in length, cell r2 tip included in post-stigmatal pale spot to varying degrees, lumens not 
expansive; pale markings large, distributed in all cells. 
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 Female - Eyes contiguous for 1-2 facets. Antennae with basal flagellomeres barrel-shaped, 
distal flagellomeres elongate; SCo distribution 1, 10-13, in some species also present on 9; basal 
whorls of two to four SCh on 2-8 with higher numbers on flagellomeres 2, 4, 6 and 8 than on 3, 5 or 
7, SCh always absent from 9-13; one pair of STl and one STc present on flagellomeres 2-8. 
Mouthparts relatively short, cibarium bare. Pigmentation on third and fourth abdominal tegites not 
markedly wider than long; sclerotised plate surrounding gonopore simple, truncate; two subequal 
ovoid or round developed spermathecae with short, tapered necks and one vestigial present, 
sclerotized ring parallel-sided. 
Male – Antennae with plume aristae on 1-10, flagellomeres 2-10 partially fused, 11-13 
elongate and subcylindrical; SCo distribution 1, 11-13; pair of STl on flagellomeres 2-4, single on 
5-7; single STc on 2-8; basal whorls of three and two SCh on 11 and 12 respectively. Wings 
patterned similarly to female but with pale spots generally more expansive Genitalia with ninth 
tergite as wide anteriorly as posteriorly with lateral sides concave, apicolateral processes reduced to 
broad flanges, posterior margin entire and concave. Gonocoxite almost parallel sided for most of its 
length, ventral and dorsal roots long and narrow, both curving to converge apically; dorsal root 
arising from gonocoxite at about 75-90°. Gonostylus slender, distally curving gently to a pointed 
apex Ninth stemite with deep caudomedial excavation, membrane bare or spiculate. Aedeagus with 
low arch; body with almost straight lateral shoulders leading to a tapered distal process with a 
smoothly rounded apex; anteriorly projected peg not connected to arms of aedeagus by membrane 
and with an asymmetrically shaped apex. Parameres separate, converging and swelling medially, 
apical arms tapered, curved and converging to sharp tips. 
 
Immatures: Pupa relatively smooth, respiratory horns stout without spines or transverse 
convolutions, lateral respiratory openings not borne on protuberances; Operculum with long hairlike 
spines, rarely with reticulate bulges; ad setae long, subequal; d tubercles 1-3 in line and 1 and 2 
quite close together; caudal segment with a transverse band of spines across disc; caudal spines 
short, without spicules. 
Larva with small eyes made up of a single pigmented spot on each side; head very short and 
square, broad in front; collar weakly developed. Ventral side of head with longitudinal suture, head 
setae moderately long; parahypostomal setae located at a distance from subgenal rim; labrum 
pointed, with two overlying folds; epipharynx with 2-3 combs, dorsal comb with 7-10 teeth. Thorax 
unpigmented but with diffuse paired post lateral patches of fat body in fourth instar. 
 
Larval habitat: Animal dung-pats, moist turf high in organic matter, rotting organic matter. Larvae 
and pupae are unable to swim and sink in tap water. 
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World Distribution 
Restricted to the Old world - Afrotropical, Oriental, Palearctic and Australasian. 
 
Key to females of Australasian species of the Imicola complex 
1. Apical half of cell r2 included in post-stigmatic pale spot, posterior margin of apical pale spot 
in cell m1 curving posteriorly to reach vein M2 well before the wing margin, often crossing 
vein M2 and joining the pale spot in cell m2 (fig 8)   nudipalpis 
 apex of cell r2 with apical 1/5
th to ½ included in post stigmatic pale spot, posterior margin of 
apical pale spot in cell m1 usually straight and only ever attaining vein M2 at wing margin (fig 
4, 6)   2 
2. apex of cell r2 with apical 1/5
th included in post stigmatic pale spot, wing with proximal dark 
marking on costa of similar length to stigmatic dark spot (fig 6)   brevitarsis 
Wing with proximal dark marking on costa of distinctly longer than stigmatic dark spot, apex 
of cell r2 with apical 1/5
th to ½ included in post stigmatic pale spot, (fig 4)   asiatica 
Key to males of Australasian species of the Imicola complex 
1. Posterior margin of apical pale spot in cell m1 curving posteriorly to reach vein M2 well 
before the wing margin, often crossing vein M2 and joining the pale spot in cell m2 (Fig 9), 
ventral membrane of 9th sternite spiculate (Fig 41)   nudipalpis 
 Posterior margin of apical pale spot in cell m1 usually straight and only ever attaining vein 
M2 at wing margin (Fig 5, 7), ventral membrane of 9
th sternite bare (fig 34, 37)   2 
2. Wing with proximal dark marking on costa at most 1.5x as long as stigmatic dark spot (fig 7)   
brevitarsis 
Wing with proximal dark marking on costa at least twice as long as stigmatic dark spot, (fig 
5)   asiatica 
 
Culicoides brevitarsis Kieffer 
(Figs 1, 4, 5, 10, 12, 15, 18, 21, 24, 25, 28, 31, 34, 35, 36) 
 
Culicoides brevitarsis Kieffer 1917: 187; Lee & Reye 1962:362 (C. robertsi synonymy); Kettle & 
Elson 1976: 313 (description of larva and pupa); Dyce 1979: 52 (C. radicitus synonymy); 
Dyce & Wirth 1983: 224 (C. superfulvus synonymy); Wirth & Hubert 1989: 258 
(description of male and female, SE Asian records; designation of neotype); Lien et al., 
1998:27 (misident. Taiwan record, description of male and female). Yu et al. 2005:911 
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 (redescription of male and female, China record); Dyce et al., 2007:19 (female wing 
illustrated). 
Culicoides robertsi Lee & Reye 1953:386; Tokunaga, 1960:74 (C. orientalis male of Tokunaga 
1959 misdet.); Tokunaga, 1962:485 (male and female redescribed; New Guinea and 
Solomon Islands); 
Culicoides radicitus Delfinado 1961:657 (in part). 
Culicoides superfulvus Sen & Das Gupta 1962:253 
Culicoides orientalis Macfie (misident.); Tokunaga, 1959:254 (Indonesian Papua record). 
 
Type material examined: C. radicitus: Philippines Tala, Rizal, 21.v.1958, M Delfinado, (neotype 
male for C. brevitarsis, designation by Wirth & Hubert 1989, USNM). 
C. superfulvus: India Baguiati (near Calcutta) by sticky trap, August, ’60, Das Gupta (cotype 
female, USNM). 
C. brevitarsis: Australia, NSW. (allotype female, Lismore, 13.Nov.2007). 
Non-type material examined. Australia. NSW: Paterson, 6.Feb.2008, Lt Tp. (ww08067, 1 female, 
NTQIC); NSW, Grafton, 14.Dec.2007, H. McKenzie (1 female, NTQIC); Qld: Oxley Ck, Corinda, 
18.March.2009, M. Shivas, (ww06367, 1 female, NTQIC); Bamaga, 27.Jan.2009, J Sailor, 
(ww08374, 1 female, NTQIC). East Timor, Surucraic, 9.05583°S; 125.5444°E, 15.Nov.2001, Lt 
Tp, E. Watkins, (ww08006 1 female, NTQIC); 4 km. N. Same, Lt. Tp. 24th Aug 1969, D. Nicholls 
(3 females, ANIC); Cape Tefara, lt. tp. 5th Aug 1969, DG Nicholls (1 female, ANIC); Cape Tefara, 
11km. S.E. Suai, Lt. Tp. 6th August 1969, D Nicholls (2 females, ANIC); Cape Tefara, lt. tp. 5th 
Aug 1969, DG Nicholls (1 female, ANIC); Los Palos, lt. tp. 6-7.ix.69, D G Nicholls (1 female, 
ANIC); Desa Pollo, 13 Sept 1984, Light trap, NT Hunt (3 females, ANIC); Desa Pollo, 12-13 Sept 
1984, NT Hunt and Phillip, light trap by penned cattle (1 female, ANIC); Oecusse, Samora, 
22.Feb.2005, G. Bellis (1 female, NTQIC); Cova Lima, Suai, 9.31°S, 125.26°E, 3.Dec.2003, 
E.Watkins (1 female, NTQIC);. Solomon Islands, Malaita, Kwailatutu , 8°56’24’’S, 160°46’43”E, 
18.May.2010, L.Halling (1 female, NTQIC); Western Province, Tuiai via Nila, .7.09491°S, 
155.86068°E, light trap on edge of mangroves with 1 penned pig and 3 cattle, 0m, 19.Feb.2012, 
G.Bellis (3 females, NTQIC). Papua New Guinea, West New Britain, Numondo, 5°31.0'S, 
150°5.0'E, 28.Feb.2007 LT, P. Boland, (ww05993, 1 female, NTQIC); Markham Farm, 6°32.684'S; 
146°38.724'E, 11-17.June.2008, Lt Tp, J.Schmidt & N. Harris, (ww08420, 1 male, NTQIC). 
Indonesia, Bali, Denpasar, 9 Feb 1989, L.T. over cattle, HA Standfast (2 females, 1 male, ANIC); 
Pedang bay, Denpasar, 35km NE, 17 Oct. 1969, DG Nicholls (1 female, ANIC). Kalimantan, 80-
0818-29, VLi-95, V.Lee (1 female, ANIC). Flores, 80-0812-5, VLi-30, V.Lee (2 females, ANIC). 
Sumbawa, 22 Oct. 1969, DG Nicholls (3 females, ANIC). West Timor, Kupang, Quarantine 
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 Station, L.T. over cattle, 7.2.89, HAS (3 females, ANIC). Papua, Merauke, L.T. 15.2.89, HAS, ov. 
cattle (7 females, ANIC). Thailand, Chiengmai, Apr-May 1958, V. Notananda, light trap (1 female, 
1 male, ANIC). China, Hainan, Mengnya, 20.08°S, 110.37°E, Lt Tp, 28.Nov.2010, G.Bellis (2 
males, NTQIC); Sanlian Can, 20.08°S, 110.37°E, Lt Tp, 28.Nov.2010, G.Bellis (1 male, NTQIC). 
 
Diagnosis. This species is morphologically indistinguishable from C. bolitinos Meiswinkel so the 
following diagnosis applies to both of these species and separates these two species from the 
remaining species in the Imicola complex. Female: The only species in the Imicola complex with 
the combination of wing with posterior margin of apical pale marking in cell m1 usually straight and 
never attaining vein M2 before margin of the wing, proximal dark marking on costa not longer than 
stigmatic dark spot and apical fifth of cell r2 included in post-stigmatic pale spot. Male: The only 
species in the Imicola complex with the combination of wing with posterior margin of apical pale 
marking in cell m1 usually straight and never attaining vein M2 before margin and proximal dark 
marking on costa distinctly less than twice as long as the stigmatic dark spot. 
 
Description.  
Adult. In addition to characters listed in the diagnosis, palpus (Fig 12) with 3rd segment bearing 
shallow pit of diameter about ½ width of segment and containing few, elongate, capitate sensilla; 
wing (Fig 4) relatively strongly patterned with posterior margin of apical pale spot in cell m1 
straight and attaining vein M2 only at wing margin; legs (Fig 18) pale brown, hind femora 
unbanded, mid and fore femora with subapical pale band, all tibiae with pale subbasal band, mid & 
hind tibia additionally with weak pale apical bands; haltere pale. Male hypopygium (Fig 34) with 
ninth sternite with ventral membrane bare. Aedeagus (Fig 36) with peg strongly sclerotised and 
quite dark. 
Immatures. Fourth instar larvae and pupae were adequately described by Kettle & Elson (1976). 
 
Distribution. (Fig 10) Widespread in the Oriental and Australasian regions. Australia: NSW, Qld, 
NT, WA; PNG, Solomon Is, Fiji, New Caledonia, Vanuatu, Tonga, East Timor, Indonesia, 
Thailand, China, India. Records from within the Oriental Region require confirmation as they may 
refer to C. asiatica. 
 
Biology. Closely associated with bovids. Immatures live in discrete bovid dung pats (Canon & 
Reye 1966, Campbell & Kettle 1976) while adults feed on sheep, cattle, marsupial, buffalo, human 
and horse (Lee et al. 1962; Kay 1973; Muller & Murray 1977; Muller et al. 1981; Kay & Lennon 
1982). Adults are crepuscular (Campbell & Kettle 1979b; Bellis et al. 2004), roost in ground 
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 herbage during daylight hours (Bishop et al. 1995) and mate in swarms at sunset (Campbell & 
Kettle 1979a). This species has been implicated in the transmission of 19 different viruses, 
including several of economic importance (Doherty et al. 1972, St George et al.1977, 1978, 1979, 
1983; Muller et al.1982; Zakrewski & Cybinski 1984; Parsonson and Snowdon 1985; Standfast et 
al.1985; Cybinski & Muller 1990). 
 
Remarks. Lee & Reye (1962) suggested the holotype specimen of C. brevitarsis may have been 
destroyed in the fire at the National Museum of Hungary in Budapest in 1956. Debenham (1979) 
was unable to locate the holotype specimen of this species confirming that it was lost in 1956 and 
prompting Wirth & Hubert (1989) to designate a neotype using the neotype male of C. radicitus. 
The designation of an allotype female from the type locality in Australia is however, desirable due 
both to the marked sexual dimorphism in wing pattern of this species and the confusion surrounding 
the identity of this species in Asia. Kieffer (1917) gave only “Australia” as the type locality but 
morphological and genetic analyses of C. brevitarsis from various localities in Australia (this study, 
Gopurenko et al. unpublished data) has revealed there to be only a single species present indicating 
that any locality within Australia is suitable for an allotype specimen. 
Within the Imicola group, C. brevitarsis is morphologically most similar to the African C. 
bolitinos and the Asian C. asiatica. The relative lengths of the first and second dark marking along 
the costa enables reliable separation of C. brevitarsis and C. bolitinos from C. asiatica, but does not 
enable separation between C. brevitarsis and C. bolitinos. Meiswinkel (1995:31) offered the 
length:width ratio of flagellomeres 4-7 and the absolute length of all flagellomeres of the female 
antenna as a means of distinguishing C. brevitarsis from C. bolitinos. Data for these characters for 
C. asiatica, C. brevitarsis and C. bolitinos (Table 6) illustrate that although differences are apparent 
between the mean values of these characters, the overlap evident between species makes 
identification of individual specimens unreliable. These three taxa are however, reliably separated 
using either the COI and CAD genes (Fig 46-49). Despite the closer morphological similarity of C. 
brevitarsis to C. bolitinos than to C. asiatica, both CAD and COI analyses indicate that C. asiatica 
is the sister species of C. brevitarsis (Fig. 46-49). 
Although COI analysis suggests that the Chinese specimens of C. brevitarsis may represent 
a further cryptic species(Fig. 48), the CAD analysis nested these specimens among other haplotypes 
of C. brevitarsis (Fig. 46, 47 & 49) suggesting that the division between Chinese and Australaisian 
specimens reflects phylogeographic structuring within the species, rather than separate cryptic 
species. 
 
Culicoides asiatica sp. nov. 
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 (Figs 1, 4, 5, 12, 15, 18, 21, 25, 28, 31, 34-36, 43) 
Culicoides brevitarsis Kieffer (misident.) Kitaoka 1984 (in key); Henna et al. 1991, Wada et 
al.1996 (Japan records); Lien et al. 1998 (Taiwan record); Matsumoto et al. 2009 (COI and COII 
sequence); Yanase et al. 2011 (Kyushu record). 
 
Type material examined: Holotype: Japan: Kagoshima, Chiram, 11.Sept.2009, T. Yanase, (female, 
National Museum of Nature and Science, Tokyo, Japan), Paratypes: same data as holotype (1 
female NTQIC); Okinawa, Yomagumi, Feb.2005, T.Yanase, (3 females, NTQIC), Okinawa, 
Nakijin, 9.Dec.2010, T. Yanase (2 males, NTQIC, 1 male National Museum of Nature and Science, 
Tokyo, Japan, 2 males Kyushu Research Station, Kagoshima, Japan), Kanoya, Kagoshima, 
16.Oct.2009, T.Yanase, (1 female National Museum of Nature and Science, Tokyo, Japan, 2 
females NTQIC, 2 females Kyushu Research Station, Kagoshima, Japan); Yonaguni Is, Okinawa, 
16.xi.74 Lt.tp. S. Kitaoka (4 females, ANIC); East Timor, Surucraic, 9.05583°S; 125.5444°E, 
15.Nov.2001, Lt Tp, E. Watkins, ww06007, (1 female, NTQIC); 4km.N. Same, Lt Tp 24.Aug.1969, 
D.Nicholls (1 female ANIC). Indonesia: Lombok, Tabane, East Lombok, 20 Oct. 1969, DG 
Nicholls (1 female, ANIC), West Timor, Kupang, Quarantine Station, Ov. Cattle L.T. 7.2.89, HAS 
(1 female, ANIC). Malaysia: Ipoh, Light Trap, 31st May 1978, CS Shauta, (8 females, ANIC), 
Ipoh, 7.Dec.1977, S. Kitaoka (2 males, ANIC); Selangor, Kuala Lumpur, Aug 1958, R Traub, light 
(2 females, ANIC), Selangor, Kuala Lumpur, March 1958, R Traub, light (1 female, ANIC); Laos: 
Vientiane, Hatsayfong, Lt Tp. Aug.2010, P. Soysouvanh (1 female, NTQIC). Thailand: Phangnga, 
Pulau Panjang, 17.11.54, cowshed - night, DH Colless (1 female, ANIC); TaLee Dist. 8-9 June 
1959, manop, col. -light (1 male, ANIC). 
 
Diagnosis. Female: The only species in the Imicola complex with the combination of wing with 
posterior margin of apical pale marking in cell m1 usually straight and never attaining vein M2 
before margin of the wing, proximal dark marking on costa distinctly longer than stigmatic dark 
spot and apical third to half of cell r2 included in post-stigmatic pale spot. Male: The only species in 
the Imicola complex with the combination of wing with posterior margin of apical pale marking in 
cell m1 usually straight and never attaining vein M2 before margin and proximal dark marking on 
costa distinctly greater than twice as long as the stigmatic dark spot. 
 
Description.  
Adults: In addition to characters listed in the diagnosis, eyes bare in both sexes; palpus (Fig. 12) 
pale brown with 3rd segment slightly swollen medially with a round shallow pit with a diameter of 
about half the width of 3rd segment bearing emergent, capitate sensilla; legs (Fig. 18) pale brown, 
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 fore & mid femora with weak apical pale bands, hind femora dark to apex, all tibiae with pale basal 
bands, dark apex; haltere pale. Male hypopygium (Fig. 34) with ventral membrane of ninth sternite 
bare. 
Immatures. Unknown. 
 
Distribution. (Fig 43) Japan, Taiwan, Laos, Thailand, Malaysia, Indonesia (East Java, Lombok, 
West Timor), East Timor. 
 
Biology. Takayoshi et al. (1994), Goto et al. (2004) and Yanase et al. (2010) detected bluetongue 
virus from field-collected females of this species (reported as C. brevitarsis) in Japan. Yanase et al. 
(2011) reported collecting large numbers of this species (as C. brevitarsis) in light traps set near 
cattle sheds and pasture. Label data of specimens examined herein indicates that C. asiatica breeds 
in discrete cattle dung pats. 
 
Remarks. The presence of a species morphologically similar to C. brevitarsis in Asia prompted the 
need to reassess the status of the junior synonyms of C. brevitarsis in Asia, C. radicitus and C. 
superfulvus. Unfortunately, the holotype specimens of both of these species have been lost (Dyce 
1979, Dyce and Wirth 1983) but the neotype male of C. radicitus designated by Wirth & Hubert 
(1989) and the cotype female of C. superfulvus were kindly loaned by the USNM. Based on the 
relative lengths of the first two dark markings on the costa of these two specimens, they are 
referable to the current definition of C. brevitarsis and thus remain as junior synonyms of this 
species. 
The geographical sympatry between C. brevitarsis and C. asiatica does not allow reliable 
interpretation of many previously published studies on C. brevitarsis sl in Asia. The record of Lien 
et al. (1998) of C. brevitarsis from Taiwan is supported by a wing photograph which clearly shows 
that the first costal dark spot is longer than the stigmatic dark spot and this specimen is 
consequently referable to C. asiatica. Similarly, illustration of the wing of C. brevitarsis from 
China provided by Yu et al. (2005) is indeed referable to that species although it is not clear if the 
specimen illustrated is from San Ya in Hainan or Taiwan as both localities are listed by Yu et al. 
(2005). Specimens examined herein indicate that C. brevitarsis ss is present in Hainan but the 
presence of this species in Taiwan requires confirmation. 
All specimens examined herein from Japan, including representatives from the populations 
studied by Yanase et al. (2010 and 2011), are referable to C. asiatica so it is reasonable to assume 
that all reports from Japan previously attributed to C. brevitarsis should be referred to C. asiatica. 
Workers in this region however need to be vigilant for the presence of C. brevitarsis in future 
351
 studies. All specimens examined from Australia, PNG and the Pacific are referable to C. brevitarsis 
and any work reported from this region remain referable to that species. The presence of C. asiatica 
in nearby Indonesia and East Timor however, warns that care should be taken when identifying 
specimens from this region. 
 
Culicoides nudipalpis Delfinado 
(Figs 3, 8, 9, 14, 17, 20, 23, 27, 30, 33, 40, 41, 42, 45) 
 
Culicoides nudipalpis Delfinado 1961:655; Wirth & Hubert 1989:281 (description of male and 
female); Meiswinkel & Baylis, 1998 (separation from C. imicola); Lien et al., 1998:35 (Taiwan 
record, description of male and female); Yu et al. 2005: 1018 (China record, description of male 
and female); Dyce et al., 2007:19 (female wing illustrated). 
 
Type material examined: Philippines: Tala, Rizal, 21.May.1958, M. Delfinado (paratype, female, 
USNM) 
Non-type material examined. East Timor: Hera, 30.Mar.2004, Lt Tp., E. Watkins, (2 females, 
NTQIC); Cape Tefara, lt. tp. 5.Aug.1969, D.G. Nicholls (5 females, 1 male, ANIC); Suai, Cafe 
Cooperativa Timor, 9°23.046'S; 125°10.675'E, Lt Tp, 13-14.May.2010, B. Cookson (1 female, 2 
males NTQIC); Ainaro, Surucraic, 15.Nov.2001, E.Watkins (1 female, NTQIC), Bobonaro, 
Maliana, Rai Fun, 7-May-2002, E.Watkins (1 female, NTQIC); Oecusse, Samora, 24-Feb-2005, 
G.Bellis (1 female, NTQIC); Cova Lima, Suai, 9.31°S, 125.26°E, 5-May-2002, G.Bellis (1 female, 
NTQIC); Oecusse, Pante Makassar, 7-Dec-2002, G.Bellis (1 female, NTQIC); Ermera, Letefoho 
Eraulo, 22-Jul-2004, E.Watkins (1 female, NTQIC); Viqueque, 19-Jul-2000, A.Moss (1 female, 
NTQIC); Dili, Cristo Rei, Hera, 19-Jul-2000, A.Moss (1 female, NTQIC). 
Indonesia, Irian Jaya, Merauke, Kumbe, VLi378, 5.viii.1980 (1 male, ANIC). 
 
Diagnosis. Female: The only species in the Imicola complex with the combination of wing with 
proximal dark marking on costa of similar length to stigmatic dark spot, apical half of cell r2 
included in post-stigmatic pale spot, posterior margin of apical pale marking in cell m1 curving 
posteriorly to reach vein M2 well before the wing margin, often crossing vein M2 and joining the 
pale spot in cell m2 and with PH ratio less than 0.75. 
 
Description. 
Adult. In addition to characters listed in the diagnosis, palpus (Fig 12) pale brown with 3rd segment 
slightly swollen, broadest about mid way along, sensory area a superficial rounded patch of 
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 aggregated sensoria in a shallow depression nearly the full width of segment; legs (Fig 20) pale 
brown, fore & mid femora with pale apical band, all tibiae with pale basal band and weak, broad 
apical pale band; haltere pale. Male hypopygium (Fig 40) with ventral membrane of ninth sternite 
bearing a sparse covering of spicules. Aedeagus (Fig. 42) with peg broad at base and noticeably 
paler than distal process. 
Immatures. Unknown. 
 
Distribution. (Fig 45) Philippines (Delfinado 1961; Wirth & Hubert 1989), Indonesia: Bali, West 
Timor, Papua and Flores, Sumbawa, Lombok and Maluku (Wirth & Hubert 1989; (Sukarsih et al. 
1983; Dyce et al. 2007), East Timor (Wirth & Hubert 1989), Taiwan (Lien et al. 1998) China, 
Hainan (Yu et al. 2005). 
  
Biology. Largely unknown. Bellis et al. (2005) investigated some of the aspects of biology 
pertinient to vector capacity and found this species to feed on mammals and have a relatively high 
survival rate. Sukarish et al (1983) reported collecting this species in association with cattle. 
 
Remarks. Dyce (1979) reported some confusion in the type series of this species. He could not 
locate the holotype female and the specimen illustrated as C. nudipalpis by Delfinado (1961) was 
apparently labeled as an allotype of C. radicitus. Wirth & Hubert (1989) designated a neotype 
which is now lodged in the USNM. 
Meiwinkel and Baylis (1998) correctly noted that C. nudipalpis is morphologically most 
similar to C. imicola and reported on characters used to distinguish these two species. Results from 
the present study confirm their observation that the PH ratio of C. nudipalpis is shorter than that 
reported for C. imicola. Genetic analyses reported herein support the validity of C. nudipalpis as a 
taxon and analyses of CAD and concatenated CAD+COI data place it as sister to C. imicola as 
morphological similarity might suggest although COI analysis did not agree with this close 
relationship. Wirth & Hubert (1989) reported that these two species do not occur sympatrically 
although Yu et al. (2005) have subsequently reported both species occurring on Hainan island in 
China and Lien et al. (1998) reported C. nudipalpis in nearby Taiwan so these species are not as 
geographically separate as previously thought and workers in this region are encouraged to check 
material to ensure accurate identification. 
 
Discussion 
Dyce et al (2007) placed four species from Australasia into the Imicola complex including 
C. brevipalpis and an undescribed species of which only a single female is known. The status of the 
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 latter species remains unclear until further material, particularly genetic data, is available for 
comparison with existing species. The single specimen is morphologically very close to C. 
nudipalpis and may represent an intraspecific variation of that species. 
Molecular analyses using COI and CAD provide strong evidence that C. brevipalpis does 
not belong to the Imicola complex. Furthermore, this species possesses a pair of STl on 
flagellomeres 5-8 of the male antennae, has a posterior projection on the female subgenital plates 
and a pointed apex on the aedagus “peg”, none of which conform to the current definition of the 
Imicola complex and it is proposed here to exclude it from this group. Meiswinkel et al. (2004) 
placed C. brevipalpis into their Gulbenkiani complex although the molecular data presented herein 
suggests a closer relationship between C. dewulfi or C. hui and C. brevipalpis than to C. 
gulbenkiani Caeiro. 
The suite of primary diagnostic characters (three for females and six for males) for the 
Imicola complex proposed by Meiswinkel (2004) are applicable to the Australasian species of this 
complex. To these we add the presence of a single STl on flagellomeres 5-7 coupled with an 
absence of STl on flagellomere 8 of the male antenna. This STl distribution is found in all species 
placed into the Imicola complex by Meiswinkel (2004) but does not occur in any other Australasian 
species of C. subgen. Avaritia, nor in the European species C. obsoletus, C. scoticus Downes & 
Kettle 1952, C. chiopterus or C. dewulfi (Delécolle 1985). Examination of the remaining species of 
C. subgen Avaritia is necessary to confirm the phylogenetic importance of all of these characters 
within the subgenus. Within the Australasian fauna, each of the characters listed by Meiswinkel 
(2004), excepting the shape of the apex of the peg of the aedeagus and the STl distribution of the 
male antenna which are herein proposed as synapomorphies for the Imicola complex, are present in 
some species belonging to the Actoni, Boophagus, Jacobsoni and Orientalis complexes sensu Dyce 
et al. (2007) and in C. brevipalpis, although no single species in any of these complexes has the full 
suite of characters outlined by Meiswinkel (2004). 
Linton et al. (2002) suggested that the grouping of known vector species of bluetongue virus 
towards the base of trees constructed using COI sequence data indicated that vector competence for 
the virus was ancestral within the Imicola complex. Our analyses, using a wider range of species 
and two different genes, did not consistently place the four species implicated in the transmission of 
bluetongue virus, C. imicola, C. bolitinos, C. brevitarsis and C. asiatica, either together nor at the 
base of phylogenetic trees suggesting that vector competence for this virus is either more 
widespread within the complex or that it has evolved on several occasions. 
The Gondwanaland origins of this complex proposed by Dyce (2001) are still valid despite 
the addition of C. asiatica, a species thus far not known to occur on any land mass derived from 
Gondwanaland.  
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 Cryptic species which are genetically distinct but inseparable morphologically (Bickford et 
al 2007) have been described from a range of different insect orders, including the Diptera, although 
none have thus far been identified within the genus Culicoides. Using molecular tools, Pagés et al 
(2009) discovered the presence of several morphologically similar species within C. subgen. 
Culicoides in Spain although they were able to separate these new species using morphometrics so 
they do not represent truly cryptic species. The apparent absence of reliable morphological 
differences in either sex of C. brevitarsis and C. bolitinos indicates these two species are the first 
truly cryptic species known in the genus Culicoides. 
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FIGURES 1–11. Culicoides (Avaritia) Imicola complex species. C. asiatica Bellis sp. n., 1, female 
eye separation; 4, female wing; 5, male wing. C. brevitarsis Kieffer, 2, female eye 
separation; 6, female wing; 7, male wing. C. nudipalpis Delfinado 3, female eye separation; 
8, female wing; 9 male wing. 10, C. superfulvus cotype female wing. 11 C. radicitus 
Delfinado neotype male wing. 
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FIGURES 12–20. Female Culicoides (Avaritia) Imicola complex species. C. asiatica Bellis sp. n., 
12, palpus; 15, mandibular teeth; 18, legs. C. brevitarsis Kieffer, 13, palpus; 16, mandibular 
teeth; 19, legs. C. nudipalpis Delfinado 14, palpus; 17, mandibular teeth; 20, legs.  
 
364
  
FIGURES 21–33. Culicoides (Avaritia) Imicola complex species. C. asiatica Bellis sp. n., 21, 
female antenna; 25, male antenna; 28, female tibial comb; 31, female spermathecae. C. 
brevitarsis Kieffer, 22, female antenna; 24, female antennal flagellomere 6; 26, male 
antenna; 29, female tibial comb; 32, female spermathecae. C. nudipalpis Delfinado 23, 
female antenna; 27, male antenna; 30, female tibial comb; 33, female spermathecae. 
 
365
  
FIGURES 34–42. Male Culicoides (Avaritia) Imicola complex species. C. asiatica Bellis sp. n., 34, 
hypopygium; 35, parameres; 36, aedeagus. C. brevitarsis Kieffer, 37, hypopygium; 38, 
parameres; 39, aedeagus. C. nudipalpis Delfinado 40, hypopygium; 41, parameres; 42, 
aedeagus. 
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FIGURES 43–45. Distribution of Culicoides (Avaritia) Imicola complex species. 43. C. asiatica 
Bellis sp. n. based on specimen data and published records (Lien et al. 1998; Henna et al. 
1991, Wada et al. 1996; Yanase et al. 2011). 44. C. brevitarsis Kieffer based on specimen 
data, NAMP records and published records (Yu et al. 2005). 45. C. nudipalpis Delfinado 
based on specimen data and published records (Delfinado 1961; Wirth & Hubert 1989; 
Sukarsih et al. 1993; Lien et al. 1998). 
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FIGURE 46. Bayes 50% majority rule consensus tree of Culicoides species in the Imicola complex 
and other representative Avaritia, inferred from concatenated COI & CAD sequences. 
Terminal labels indicate specimen ID and species (Table 7). Scale bar = 0.1 substitutions per 
site. Node values indicate Bayesian posterior probabilities estimated from 9990 sampled 
trees. Imicola complex clades 1 & 2 indicated here also present in the ML analysis (refer 
Fig. 47B). 
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FIGURE 47. Maximum Likelihood phylogram of Culicoides species in the Imicola complex and 
other representative Avaritia, inferred from concatenated COI & CAD sequences. Terminal 
labels indicate specimen ID and species (Table 7). Scale bar = 0.05 substitutions per site. 
Node values indicate bootstrap support (N= 1000 replications). Imicola complex clades 1 & 
2 indicated here also present in the Bayesian analysis (refer Fig. 47A). Phylogram 
constructed using MEGA ver. 5 (Tamura et al. 2003). 
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FIGURE 48. Bayes 50% majority rule consensus tree of Culicoides species in the Imicola complex 
and other representative Avaritia, inferred from COI sequences. Terminal labels indicate 
specimen ID and species (Table 7). Specimen AY286329 Culicoides pseudopallidipennis 
accessed from GenBank. Scale bar = 0.1 substitutions per site. Node values indicate 
Bayesian posterior probabilities estimated from 9991 sampled trees. 
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FIGURE 49. Maximum Likelihood phylogram of Culicoides species in the Imicola complex and 
other representative Avaritia, inferred from CAD sequences. Terminal labels indicate specimen ID 
and species (Table 7). Scale bar = 0.05 substitutions per site. Node values indicate bootstrap support 
(N= 500 replications). Phylogram constructed using MEGA ver. 5 (Tamura et al. 2003). 
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 Table 1 Intraspecies and interspecific variation of the distributions and abundance of sensilla on female antennae for species of the Imicola 
Complex of Culicoides subgen. Avaritia.  Mean values are followed by ranges (in parentheses). 
 
  
antennal flagellomere 
character species 1 2 3 4 5 6 7 8 9 10 11 12 13 
SCo C. brevitarsis 3.11 (0) 0 0 0 0 0 0 0 0 0.94 (0-1) 1 (1) 1 (1) 1.06 (1-2) 
 C. nudipalpis 3 (0) 0 0 0 0 0 0 0 0 1 (1) 1 (1) 1 (1) 1 (1) 
 C. asiatica 2.93 (0) 0 0 0 0 0 0 0 0.19 (0-1) 1 (1) 1 (1) 1 (1) 1 (1) 
STl C. brevitarsis 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 C. nudipalpis 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
 C. asiatica 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) - - - - - 
STc C. brevitarsis 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
 C. nudipalpis 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
 C. asiatica 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) - - - - - 
SCh C. brevitarsis 5.06 (5-6) 3.17(3-5) 2 (2) 3.06 (3-4) 2 (2) 3.56 (3-5) 2 (2) 2.94 (2-3) 0 0.06 (0-1) 0 0 0 
 C. nudipalpis 5 (5) 3 (3) 2 (2) 3 (3) 2 (2) 3 (3) 2 (2) 3 (3) 0 0 0 0 0 
 C. asiatica 5.07 (5-6) 3 (2-4) 2.06 
(2-3) 
2.94 (2-3) 2.06 (2-3) 3 (3) 1.93 (1-3) 2.87 (2-4) 0 0 0 0 0 
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 Table 2. Intraspecies and interspecific variation of the distributions and abundance of sensilla on male antennae for species of the Imicola 
Complex of Culicoides subgen. Avaritia.  Mean values are followed by ranges (in parentheses). 
 
  Antennal flagellomere 
character species 1 2 3 4 5 6 7 8 9 10 11 12 13 
SCo C. brevitarsis 2 (2) 0 0 0 0 0 0 0 0 0 1 (1) 1 (1) 1.75 (1-2) 
 C. nudipalpis 2 (2) 0 0 0 0 0 0 0 0 0 1 (1) 2 (2) 2 (2) 
 C. asiatica 2 (2) 0.1 (0-1) 0 0 0 0 0 0 0 0 1 (1) 1 (1) 2 (2) 
STl C. brevitarsis 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 1 (1) 1 (1) 0 0 0 - - - 
 C. nudipalpis 2 (2) 2 (2) 2 (2) 2 (2) 1 (1) 1 (1) 1 (1) 0 0 0 - - - 
 C. asiatica 2 (2) 2 (2) 2 (2) 2 (2) 1.1 (1-2) 1 (1) 1 (1) 0 0 0 - - - 
STc C. brevitarsis 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0 0 - - - 
 C. nudipalpis 0 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0.08 (0-1) 0 - - - 
 C. asiatica 0 0.9 (0-1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 0 0 - - - 
SCh C. brevitarsis 5 (5) - - - - - - - - - 3 (3) 2 (2) 0 
 C. nudipalpis 5.33 (5-6) - - - - - - - - - 3.78 (3-4) 1.78 (1-2) 0 
 C. asiatica 5 (5) - - - - - - - - - 3 (3) 2 (2) 0 
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 Table 3. Intraspecies and interspecific variation of some numerical head and thoracic characters of female specimens for species of the Imicola 
Complex of Culicoides subgen. Avaritia.  Mean values are followed by ranges (in parentheses). 
 
species Wing 
Length 
(mm) 
Wing L/W 
ratio 
Costal 
Ratio 
Antennal 
Ratio 
Palpal 
Ratio 
Palp 
lengths 
P/H Ratio teeth Tarsal ratio Tibial comb 
C. brevitarsis 0.78 
(0.65-0.89) 
n=8 
2.17 
(2.05-2.75) 
n=8 
0.54 
(0.42-0.56) 
n=14 
1.18 
(1.08-1.29) 
n=19 
2.16 
(1.86-2.46) 
n=14 
35:20:23 
n=9 
0.70 
(0.64-0.78) 
n=15 
12.41 
(11-14) 
n=17 
1.64 
(1.48-1.74) 
n=9 
4.86 
(4-5) 
n=14 
C. nudipalpis 0.84 
(0.75-0.94) 
n=10 
2.01 
(1.99-2.03) 
n=3 
0.57 
(0.54-0.6) 
n=13 
1.15 
(1.11-1.22) 
n=11 
2.24 
(2-2.5) 
n=12 
30:15:16 
n=3 
0.69 
(0.65-0.73) 
n=11 
13.11 
(12-14) 
n=9 
1.56 
(1.31-1.67) 
n=6 
5 
(5) 
n=12 
C. asiatica 0.80 
(0.69-0.93) 
n=8 
2.04 
(2-2.11) 
n=8 
0.58 
(0.55-0.61) 
n=8 
0.89 
(0.51-1.26) 
n=15 
2.23 
(1.5-2.83) 
n=8 
38:21:24 
n=8 
0.71 
(0.61-0.8) 
n=8 
12.4 
(10-14) 
n=15 
1.64 
(1.37-1.77) 
n=8 
4.875 
(4-5) 
n=16 
 
Table 4. Intraspecies and interspecific variation of some numerical abdominal characters of female specimens of species of the Imicola Complex of 
Culicoides subgen. Avaritia.  Mean values are followed by ranges (in parentheses). 
 
species 
Spermathcae I Spermatheca II necks 
vestigial 
spermatheca ring length ring width proximal ring width distal 
C. brevitarsis 42.15 x 35.04 33.62 x 29.67 3.91 15.77 5.48 (0.25-9.96, n = 8) 4.31 (0.2-4.98, n = 9) 4.45 (0.2-4.98, n = 9) 
C. nudipalpis 41.09 x 34.36 32.99 x 28.95 4.15 9.21 5.29 (0.3-7.47, n = 5) 4.02 (0.2-4.98, n = 5) 3.78 (0.2-4.98, n = 5) 
C. asiatica 42.33 x 35.9 32.37 x 28.01 4.1 14.76 8 (4.98-9.96, n = 7) 4.8 (3.74-6.23, n = 7) 4.8 (3.74-6.23, n = 7) 
 
Table 5. Intraspecies and interspecific variation of some numerical characters of male specimens of species of the Imicola Complex of Culicoides 
subgen. Avaritia.  Mean values are followed by ranges (in parentheses). 
 
species Wing Length (mm) Wing L/W ratio Antennal Ratio Palpal Ratio tibial comb 
C. brevitarsis 0.79 (0.77-0.84, n = 3) 2.50 (2.48-2.51, n = 3) 0.58 (0.49-0.6, n = 10) 2.15 (1.92-2.7, n = 7) 5 (5, n = 6) 
C. nudipalpis 0.95 (0.91-1.03, n = 4) 2.62 (2.51-2.66, n = 4) 0.57 (0.51-0.61, n = 5) 2.55 (2.31-2.83, n = 5) 4.9 (4-5, n = 5) 
C. asiatica 0.91 (0.9-0.92, n = 4) 2.61 (2.56-2.72, n = 4) 0.59 (0.55-0.61, n = 5) 2.43 (2.07-2.67, n = 5) 5.1 (5-6, n = 5) 
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 Table 6. Ratio of length:width of antennal flagellar segments of females of Culicoides bolitinos, C. brevitarsis and C. asiatica. 
 
  Antennal flagellomere 
  1 2 3 4 5 6 7 8 9 10 11 12 13 
C. brevitarsis mean 1.27 1.03 1.08 1.28 1.39 1.38 1.41 1.53 2.51 2.53 2.55 2.54 3.99 
 range 1.09-1.47 0.88-1.14 0.86-1.23 1.08-1.5 1.08-1.58 1.17-1.54 1.17-1.67 1.07-1.83 1.69-3 2.08-2.83 2.15-2.85 2.08-3.25 3.57-4.46 
 n 9 9 9 9 9 9 9 9 9 9 8 9 8 
C. asiatica mean 1.21 0.91 1.08 1.20 1.37 1.35 1.35 1.49 2.40 2.47 2.61 2.36 3.97 
 range 1.09-1.36 0.78-1 1-1.43 1-1.4 1.21-1.64 1.29-1.5 1.23-1.64 1.36-1.79 2.14-2.92 2.31-2.64 2.29-2.92 2-2.71 3.57-4.46 
 n 7 8 8 8 8 8 8 8 8 8 7 7 7 
C. bolitinos mean 1.36 1.12 1.28 1.43 1.6 1.52 1.67 1.81 2.63 2.6 2.54 2.5 4.04 
(ex Meiswinkel 1995) range 1.25-1.50 1.03-1.25 1.17-1.48 1.29-1.56 1.38-1.77 1.33-1.70 1.48-1.83 1.62-1.92 2.31-2.92 2.44-2.79 2.22-2.85 2.07-2.88 3.69-4.62 
 n 25 25 25 25 25 25 25 25 25 25 25 25 25 
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 Table 7. Collection data for voucher Culicoides specimens used in genetic analyses. 
Sample 
ID 
COI CAD Identification Sex Collectors Collection 
Date 
Country State / Province Exact Site # Latitude Longitude 
ww08186 Yes Yes C. actoni Male G. Scott 03-Feb-2009 Australia Northern Territory Katherine Research Station -14.4667 132.266998 
ww06007 Yes Yes C. asiatica female E.Watkins 15-Nov-2001 Timor-Leste Manufahi Surucraic -9.1000004 125.900002 
ww06258 Yes Yes C. asiatica female P. Soysouvanh Aug.2010 Laos Vientiane Hatsayfong 17.872 102.664001 
ww08437 Yes Yes C. asiatica female T.Yanase 23-Feb-2005 Japan Okinawa Yonaguni 25.299999 123 
ww08438 Yes Yes C. asiatica female T.Yanase 23-Feb-2005 Japan Okinawa Yonaguni 25.299999 123 
ww08439 Yes Yes C. asiatica female T.Yanase 23-Feb-2005 Japan Okinawa Yonaguni 25.299999 123 
ww08443 Yes Yes C. asiatica female T.Yanase 11-Sep-2009 Japan Kyushu-chiho Chiram 31.6 130.550003 
ww08444 Yes Yes C. asiatica female T.Yanase 11-Sep-2009 Japan Kyushu-chiho Chiram 31.6 130.550003 
ww05959 Yes Yes C. brevitarsis female G. Bellis 22-Feb-2005 Timor-Leste Oecusse Samora -9.29 124.279999 
ww05961 Yes Yes C. brevitarsis female E.Watkins 03-Dec-2003 Timor-Leste Cova Lima Suai -9.5166702 125.432999 
ww06046 Yes Yes C. brevitarsis female H. McKenzie 14-Dec-2007 Australia New South Wales Grafton -29.6833 152.932999 
ww06180 Yes Yes C. brevitarsis female L.Halling 18-May-2010 Solomon Islands Malaita Malaita -8.9373302 160.774002 
ww06255 Yes Yes C. brevitarsis female Glenn Bellis 28-Nov-2010 China Hainan Mengnya 20.08 110.370003 
ww06256 Yes Yes C. brevitarsis female Glenn Bellis 28-Nov-2010 China Hainan Mengnya 20.08 110.370003 
ww06257 Yes Yes C. brevitarsis female Glenn Bellis 28-Nov-2010 China Hainan Sanlian Can 20.08 110.370003 
ww14405 Yes Yes C. brevitarsis female G.Bellis 19-Feb-2012 Solomon Islands Western Tuiai via Nila -7.0833 155.8667 
ww14406 Yes Yes C. brevitarsis female G.Bellis 19-Feb-2012 Solomon Islands Western Tuiai via Nila -7.0833 155.8667 
ww14407 Yes Yes C. brevitarsis female G.Bellis 19-Feb-2012 Solomon Islands Western Tuiai via Nila -7.0833 155.8667 
ww14301 Yes no C. bolitinos male G.Venter 22-Dec-2007 South Africa Western Cape Hoekwil, Kidbuddie   
ww14302 Yes yes C. bolitinos male G.Venter 22-Dec-2007 South Africa Western Cape Hoekwil, Kidbuddie   
ww09012 Yes Yes C. brevipalpis male T.Yanase 23-Feb-2005 Japan Okinawa Yonagumi 24.47 123 
ww09013 Yes Yes C. brevipalpis female T.Yanase 23-Feb-2005 Japan Okinawa Yonagumi 24.47 123 
ww09014 Yes Yes C. brevipalpis female T.Yanase 23-Feb-2005 Japan Okinawa Yonagumi 24.47 123 
ww15104 Yes Yes C. chiopterus female Claire Garros 27-Apr-2010 France  La Chapelle-D`Andaine   
ww15087 Yes Yes C. hui female Harris 30-Nov-2009 Papua New Guinea West Sepik Krisa -2.8510001 141.283997 
ww15108 Yes Yes C. dewulfi female Claire Garros 27-Apr-2010 France  Adam-Les-Passavant 47.3 6.37 
ww14305 Yes Yes C. imicola female G.Venter 12-May-2008 South Africa Mpumalanga Kruger Nat. Park, Skukuza   
ww14306 Yes Yes C. imicola female G.Venter 12-May-2008 South Africa Mpumalanga Kruger Nat. Park, Skukuza   
ww15114 Yes Yes C. imicola male Claire Garros 09-Mar-2008 France     
ww15115 Yes Yes C. imicola female Claire Garros 09-Mar-2008 France     
ww24060 yes no C. imicola female D Cai 15-Dec-2010 China Hainan    
ww14326 Yes Yes C. gulbenkiani female G.Venter 22-Dec-2007 South Africa Western Cape Hoekwil, Kidbuddie   
ww12137 yes Yes C. jacobsoni male N.Harris 26-Nov-2009 Papua New Guinea Sanduan province Telefomin -5.1231999 141.636993 
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 ww14309 Yes Yes C. kwagga male G.Venter 21-Oct-2010 South Africa KwaZulu-Natal Hluhluwe, Hluhluwe river lodge   
ww14310 Yes Yes C. kwagga female G.Venter 21-Oct-2010 South Africa KwaZulu-Natal Hluhluwe, Hluhluwe river lodge   
ww14312 Yes Yes C. loxodontis female G.Venter 12-May-2008 South Africa Mpumalanga Kruger Nat. Park, Skukuza   
ww05928 Yes Yes C. nudipalpis female E.Watkins 15-Nov-2011 Timor-Leste Ainaro Surucraic -9.0558 125.5440 
ww06155 Yes Yes C. nudipalpis female E.Watkins 07-May-2002 Timor-Leste Bobonaro Maliana (Rai Fun) -9.07 125.29 
ww06157 Yes Yes C. nudipalpis female G.Bellis 24-Feb-2005 Timor-Leste Oecusse Samora -9.2 124.383 
ww06158 Yes Yes C. nudipalpis female G.Bellis 05-May-2002 Timor-Leste Cova Lima Suai 9.31 125.26 
ww06164 Yes Yes C. nudipalpis female G.Bellis 07-Dec-2002 Timor-Leste Oecusse Pante Makassar -9.2 124.383 
ww06168 Yes Yes C. nudipalpis female E.Watkins 22-Jul-2004 Timor-Leste Ermera Letefoho Eraulo 8.8344 125.4264 
ww06170 no Yes C. nudipalpis female G.Bellis 19/07/2000 Timor-Leste Viqueque Viqueque -8.8575 126.3647 
ww06172 Yes Yes C. nudipalpis female A.Moss 08-Feb-2004 Timor-Leste Dili Cristo Rei (Hera) -8.538333 125.68444 
ww06223 Yes Yes C. orientalis female G.Bellis 10-Feb-2004 Timor-Leste Dili Hera -8.53333 125.633003 
ww14321 Yes no C. tuttifrutti female G.Venter 21-Oct-2010 South Africa KwaZulu-Natal Ramsgate, Greenhills   
ww14322 Yes Yes C. tuttifrutti female G.Venter 21-Oct-2010 South Africa KwaZulu-Natal Ramsgate, Greenhills   
ww09015 Yes Yes C. wadai female T.Yanase 23-Feb-2005 Japan Okinawa Yonagumi 24.47 123 
AY286329 Yes no C. pseudopallidipennis  GENBANK       
 
377
 Table 8. Summary of optimal nucleotide substitution models and rates estimated at COI and CAD alignments for Imicola gp and outgroup specimens examined. Optimal 
models of evolution identified at each gene alignment using MEGA version 5 (Tamura et al. 2011) with estimated base frequencies, proportion of invariant sites (+ I), 
Gamma shape parameter (+ G) and estimated nucleotide base substitution rates associated with optimal models as indicated. 
  COI CAD  
Model  GTR+G+I K2P+G+I88  
     
Base frequencies A 0.293 0.250  
 C 0.134 0.250  
 G 0.161 0.250  
 T 0.412 0.250  
     
 + I 0.425 0.610  
 + G 0.802 1.130  
     
Rates of base substitution  AT 0.114 0.032  
 AC 0.008 0.032  
 AG 0.140 0.187  
 TA 0.161 0.032  
 TC 0.308 0.187  
 TG 0.012 0.032  
 CA 0.004 0.032  
 CT 0.101 0.187  
 CG 0.032 0.032  
 GA 0.077 0.187  
 GT 0.005 0.032  
 GC 0.039 0.032  
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 10. Conclusions 
Linnaeus provided the first description of a species of Culicoides in 1758. Since that 
time, morphological analyses have provided the foundation for the systematics of 
Culicoides, but the application of molecular analyses here reveals that some of this 
work requires reassessment. Examples of where the systematics of Culicoides 
requires attention are:  
• the inadequate recognition of some species, for example C. brevitarsis and C. 
asiatica (Chapter 9) 
• the incorrect association of male and female specimens, for example C. 
ardentissimus (Chapter 7) 
• the inability to distinguish females whose males are separable, for example C. 
subimmaculatus and C. reyei (Chapter 8) 
• confusion over the relative importance of characters in subgeneric classification of 
the genus, particularly where males of a species could be placed into one group 
whereas conspecific females have trait states that indicate placement in a different 
group, for example C. paragarciai (Chapter 7). 
Non-­destructive	  DNA	  extraction	  
The development of a non-destructive DNA extraction protocol has been 
invaluable to this study. This technique provides a means of associating a DNA 
sequence to a morphological voucher that can be mounted on a slide. The ability to 
examine specimens previously shown by DNA analyses to belong to different species, 
for example C. brevitarsis and C. asiatica (Chapter 9), led to the recognition of the 
minor morphological differences that are now recognised as important in separating 
these two species. 
COI	  analysis	  
Analyses of the COI gene has proven to be a useful tool in defining species-
level systematics across the broad range of subgeneric groupings analysed in the 
present study, suggesting it will be useful throughout the genus. These analyses also 
provided confirmation of the importance of minor morphological differences in males 
whose females are inseparable morphologically, for example C. immaculatus and C. 
shivasi (Chapter 5). COI, in combinatin with CAD, provided support for the existence 
379
of two truly cryptic species – C. brevitarsis and C. bolitinos – which cannot be 
separated using the usual range of morphological features used to recognise species of 
Culicoides (Chapter 9). 
The correct association of male and female specimens is necessary for good 
taxonomy and incorrectly associated specimens can lead to inappropriate subgeneric 
placement, as was the case with C. ardentissimus. For most species of Culicoides, 
association is achieved by comparison of wing patterns which are generally 
recognisable in both sexes. Problems arise where wing pattern differences are not 
consistent between the sexes, for example C. brevitarsis and C. asiatica, and those 
species lacking a wing pattern, for example, species of the Immaculatus and 
Kusaiensis groups. The present study has provided molecular confirmation of 
association of males and females for seven of the 25 plain-winged species present in 
Australasia. 
CAD	  analysis	  
While analysis of the COI gene has been undertaken with a range of 
Culicoides species elsewhere, no analyses of CAD have previously been performed 
with species of Culicoides. CAD analyses provided resolution similar to that of COI 
at the species level, although differences between species were less pronounced. For 
example, COI sequences of C. immaculatus and C. shivasi differed by 2.4 % at COI 
but by only 0.6 % at CAD (Chapter 5) although, for both genes, these intraspecific 
distances were less than half of that observed between these two species indicating 
that both genes supported reciprocal monophyly of these species. CAD consequently 
is able to provide a reliable, independent test of clades recovered in COI analyses and 
was able to confirm the separation of the cryptic species C. brevitarsis and C. 
bolitinos (Chapter 9). CAD has also been shown to be useful in resolving 
relationships at higher taxonomic levels of many other insect groups and could 
potentially be used to test the proposed subgeneric classification of the genus 
Culicoides as was shown in the analyses of the monophyly of the Imicola complex in 
Chapter 9. 
Phylogenetics	  of	  the	  genus	  Culicoides	  
The current system of subgeneric classification of the genus Culicoides is 
based entirely on morphological data and has not undergone any rigorous cladistic 
analyses. While most authors accept the value of the characters used in defining 
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subgeneric groupings, they also acknowledge the considerable proportion of species 
that have so far eluded placement into any subgeneric group. Molecular analyses 
using CAD or other suitable genes may well assist with testing the current systematic 
structure but there is evidence that other morphological data, including antennal 
sensilla arrangement and the structure of spermathecal ducts (Chapter 6), may also be 
used to support proposals. For example, the distribution of SCh on distal antennal 
flagellomeres of the female and the distribution of STl on male flagellomeres are 
consistent characters for some groups like Marksomyia (Chapter 3), the Imicola 
complex (Chapter 9) and the Molestus (Chapter 8) and Coronalis (Chapter 6) groups 
and the reduced antennal plume of the male is consistent for the Molestus (Chapter 8) 
and Kusaiensis (Chapter 7) groups. Should CAD or other genes prove useful in 
establishing the monophyly of the groups studied herein, trait mapping of the above 
characters could be conducted to test whether these characters are synapomorphies for 
these clades. In particular, the placement of species whose antennal sensory 
arrangement is unusual for their respective group for example C. agas from the 
Immaculatus group (Chapter 5) and C. leei from the Kusaiensis group (Chapter 7), 
may shed light on the importance of these characters. Similarly, the phylogenetic 
significance of the apical flange on the parameres of males of the Molestus group 
could be tested by the placement of the outlier for this character, C. submagnesianus 
(Chapter 8). The present study has provided a sound basis for such analyses by 
supplying complete descriptions for each of the species belonging to these groups. 
Further	  work	  required	  
The Australasian fauna of Culicoides is currently recognised at 272 species, 
109 of which remain undescribed. These figures will no doubt increase as molecular 
analyses continue to discover new species which morphological studies have failed to 
recognise. It is also likely that many new species await collection, particularly in the 
tropical rainforest environments of New Guinea and the Solomon Islands. 
Unfortunately, it will be difficult to obtain DNA data for many of the uncommon 
species or those from remote areas, some of which are only known from a small series 
of specimens mounted onto slides. 
The discovery by molecular analysis of “cryptic” species (Chapter 9) indicates 
a need to reassess the degree of scrutiny currently applied by morphological studies. 
Subtle variations in morphology previously ascribed to intraspecific variation may 
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actually indicate species-specific characters, for example the minor wing pattern 
variation between C. brevitarsis and C. asiatica (Chapter 9), and should not be 
overlooked. Antennal sensilla distributions provide a further suite of characters that 
may help discriminate such species: certainly, many species-specific differences are 
evident in the antennal sensilla patterns of the species included in the present study. 
Of the 163 Australasian species that have been described, full antennal sensilla data is 
available for only 33. 
The detailed analysis of antennal sensilla used in this study, particularly of 
males, has raised some more basic questions about the biology of Culicoides species. 
What is the biological significance of the reduced antennal plume of males of the 
Kusaiensis and Molestus groups? Why do species whose males possess feminised 
antennae also have a feminised wing shape? Do these modifications really reflect a 
non-swarming mating strategy? 
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